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Industrial wastes and effluents are undesirable by-products of economic 
development and technological advancement. Hazardous wastes include chemical 
compounds, effluents, discharges, sludges, and wastewaters from industrial sources, 
air borne pollutants released from industries or waste sites. When improperly handled 
and disposed, industrial wastes imperil both human health and environment. 
Application of wastewater to agricultural lands for enhancing crop 
productivity is a common practice in India as well as in many other countries from 
several decades. However, long-term irrigation with industrial effluents mixed with 
municipal wastewater has resulted in the excessive accumulation of toxicants in 
agricultural soils (such as heavy metals and polychlorinated substances from domestic 
and industrial wastes that enters the sev/er system) and has brought a potential risk to 
human health due to the accumulation of toxicants through the food chain. 
Genetic recombination, and more specifically the horizontal transfer of genes 
within and between bacterial populations is commonly regarded as an important 
mechanism in the selective adaptation of bacteria to changes in the local environrrierit. 
For the terrestrial environment (soil) the transfer of conjugative plasmids is probably 
the best studied and is argued to be the most important means of gene transfer because 
these genetic elements contain independent replicons, encode dedicated transfer 
mechanism, and can mobilize advantageous factors. 
Conjugative gene transfer mediated by plasmids with broad-host-range is 
generally believed to be a common and widespread mechanism for the transfer of 
genes across a broad phylogenetic range of bacteria. Within the proteobacteria, broad-
host-range (BHR) plasmids have been defined as those plasmids that can be 
introduced and stably maintained in bacterial species from at least two subgroups (e.g. 
between a and P-proteobacteria). The well known self transmissible BHR plasmids 
belong to the incompatibility groups IncP, IncN, IncW and Inc U. For instance, RP4 is 
an IncP plasmid, R388 is an IncW and the IncN plasmids are represented by pKMlOl, 
and RSFIOIO is an IncQ plasmid. IncP, IncN, IncW and IncQ plasmids are commonly 
found in different soil samples and pig manure slurries. 
Traditionally the impact of toxic pollutants discharged into water resources or 
soil have been evaluated by measurement of specific chemical pollutants or perhaps 
more commonly surrogate chemical parameters in the discharge. A major problem for 
this approach is the need for complex analytical technique in the identification and 
quantification of all the pollutants of interest. Furthermore, risk estimation derived 
solely from the presence of specific pollutants requires detailed knowledge of the 
toxicological properties of these pollutants both singly or in combination. An 
alternative approach for testing contaminated soil or water involves the use of 
biological test system for determining the toxicological impact of industrial and 
municipal discharges. 
Present study focused to assess the genotoxicity of wastewater and soil 
irrigated with wastewater of Chilinat industrial area, Lucknow (UP), India near 
pesticide industry to predict the putative hazards of wastewater. An additional aim of 
the study is to test the pesticide tolerance and multi-resistance in bacteria as well as 
the presence of conjugative plasmids in these bacterial isolates. 
The findings of the study along with their explanations are summarized as 
under: 
I. Characterization of conjugative plasmids in pesticide tolerant and multi-
resistant bacteria 
<• Gas chromatography analysis of the soil samples revealed the presence of 
lindane at a concentration of 547 ng/g and a-endosulfan and P-endosulfan of 
422 ng/g and 421 ng/g respectively. 
<• Atomic absorption spectrophotometry analysis of the soil sample was done 
and Cr, Zn, Fe, Ni, Cu and Cd were detected at the concentrations of 36.2, 
42.5, 241, 43.2, 13.3 and 11.20 mg/kg respectively. Wastewater samples 
revealed the presence of heavy metals Cr, Zn, Fe, Ni, Cu and Cd at the 
concentrations of 21.3 |ig/ml, 22.4 fig/ml, 221 p,g/ml, 11.2 |ag/ml, 8.3 |J.g/ml 
and 3.3 |ig/ml of water respectively. 
<• More than 100 bacteria were isolated from agricultural soil irrigated with 
wastewater from Chinhat industrial area, Lucknow, India. A total of 35 
bacterial isolates were finally selected on the basis of their MIC against 
pesticides and heavy metals for further study. 
<• Minimum inhibitory concentrations of all bacterial isolates were determined 
for pesticides and heavy metals. A maximum MIC of 3200 ng/ml was 
observed for the pesticides lindane, endosulfan, chlorpyriphos, monocrotophos 
and captan, whereas 1600 |.ig/ml was observed for folpet. 
<• All pesticide tolerant bacteria were also tested for their resistance to heavy 
metals (Cd, Zn, Pb, Ni, Cu and Cr). A maximum MIC of 100 |ig/ml for Hg, 
Ill 
800 i-ig/ml for Cr, 400 |ag/ml for Ni, Cu and Cd, and 3200 ^g/ml for Pb was 
observed. 
<• Majority of the pesticide tolerant and metal resistant bacteria were also 
resistant to one or more antibiotics tested. 
• All the multi-resistant/tolerant bacterial isolates were also tested for the 
presence of incompatibility (Inc) group IncP, IncN, IncW, IncQ plasmids and 
for rolling circle plasmids of the pMV158-type by PCR. 
K* PCR amplification of the bacterial isolates and soil DNA revealed the 
presence of IncP-specific sequences {trfA2 and oriT) which was confirmed by 
dot blot hybridization with RP4-derived DIG-labelled probes. Plasmids 
belonging to IncN, IncW and IncQ group were neither detected in the bacterial 
isolates nor in total soil DNA. 
•> Bacterial isolates were identified by 16S rDNA sequencing and isolates WR7, 
WR17, WR19, WR21, WR22, WR24, WR33 and WR35 were found to be 
most similar to Pseudomonas aeruginosa (accession no.GQ922652), 
Pseudomonas aeruginosa (accession no.GU3 84325), Pseudomonas sp.GSS 
(accession no.GU3 84329), Pseudomonas sp.M9J918 (accession 
no.GU3 84328), Citrobacter sp.Azor-5 (accession no.GU384326), 
Pseudomonas sp.CL-3 (accession no.384327), Acinelobacter Iwoffii 
(accession no.GU384330) and Enterobacter radicinitans (accession no. 
GU384332) respectively. 
These findings clearly indicated that the soil was highly contaminated with the 
pesticides lindane, a-endosulfan, and P-endosulfan as well as with several heavy 
metals. Maximum MICs of bacterial isolates for pesticides and heavy metals showed 
that bacteria surviving in these contaminated soil were highly tolerant or resistant to 
the pesticides/heavy metals and simultaneously resistant to antibiotics. IncP specific 
DNA sequences {trfA2 and oriT) were detected which revealed that IncP plasmids are 
prevalent in these bacteria isolated from soil irrigated with wastewater. The presence 
of IncP plasmids in these bacterial isolates suggest that pesticide contamination has 
applied selective pressure for proliferation of these plasmids, as IncP plasmids are 
involved in catabolic pathways of pollutants (pesticides/metals). Present findings 
suggest the role of conjugative plasmids as contributors to maintenance and spread of 
adaptive traits (pesticide tolerance/metal and antibiotic resistance) in microbial 
communities. 
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II. Exogenous isolation of conjugative plasmids from soil 
••• Exogenous plasmid isolation metliod was used to assess the conjugative 
plasmids from contaminated soil using bacteria detached from soil sample as 
donor and rifampicin resistant E. coli HMS as recipient strain on mineral salt 
agar medium supplemented with pesticides and antibiotics: 
<• Transconjugants were picked up from mineral salt agar (MSA) plates either 
with ampicillin (10 |ig/ml) or tetracycline (20 |ig/ml) supplemented with 
pesticide (y-HCH 100 |ig/ml) as a sole carbon source. 
<• The frequency of gene transfer of tetracycline resistant transconjugants was 
9.2 X 10,"'* whereas, ampicillin was 7.2 x 10"*^ . 
<• Each putative transconjugant was also tested on the basis of MIC against 
different pesticides and metals. A maximum MIC of 3200 |Lig/ml against 
lindane was observed, whereas MIC of endosulfan, chlorpyriphos, 
monocrotophos and captan was 1600 |.ig/ml. However, maximum MIC of 25 
|ig/ml for Hg, 400 \iglm\ for Cr, Cu, Cd, Ni was observed in the selected 
transconjugants. 
<• PCR typing method was conducted to assess the presence of plasmids of the 
incompatibility groups IncP, IncN, IncW, IncQ and rolling circle pMV158 
type in the DNA derived from transconjugants. IncP, IncW, and rolling circle 
plasmids of pMV158 type were detected in the transconjugants. 
**<,* Five of the transconjugants; 3 positive PCR for Iric?,rfA2&onT specific sequence 
from tet and 2 positive PCR for IncWonT specific sequence from ampicillin 
plates were selected for plasmid isolation and it was found that 
transconjugants harbor one or more plasmids of different sizes when compared 
with standard DNA marker. 
In this study, transconjugants isolated by exogenous plasmid isolation in 
biparental mating indicate that genes for the tolerance of pesticides and 
metals/antibiotic resistance can be distributed by conjugative plasmids in the natural 
environment. Consequently, the availability of different incompatibility group 
plasmids indicate that pesticide/metal contamination has applied selective pressure for 
proliferation of these different plasmids and diverse gene cassettes are assembled into 
catabolic pathways of pollutants having different origins. Our observations are also 
contributing to the understanding of gene exchange between bacteria in dynamically 
developing ecosystems and underline the importance of describing the succession of 
bacterial populations indigenously present in such system due to contamination 
events. 
III. Genotoxicit>' of wastewater 
*t» Gas chromatography analysis of the wastewater revealed the presence of 
certain organochlorine and organophosohorus pesticides viz., lindane, a-
endosulfan, P-endosulfan, chlorpyriphos and monocrotophos. 
<• The mutagenicity of the wastewater samples was evaluated with XAD 
concentrated and liquid-liquid extracted samples using Ames 
Salmonella/mammalian microsome test and it was found that the test samples 
revealed maximum response with TA98 strain in the presence and absence of 
S9 metabolic activation. 
*l* In terms of mutagenic index, induction factor (Mi) and slope (m) of initial 
linear dose response curve, XAD concentrated sample was found to be more 
mutagenic than liquid-liquid extracted samples. 
• A mixture of technical grade pesticides; lindane (57.55 ng/ml), a-endosulfan 
(80.90 ng/ml), p-endosulfan (220.9 ng/ml), chlorpyriphos (20.90 ng/ml) and 
monocrotophos (8.32 ng/ml) were prepared in the amounts and ratios 
comparable to their existence in the test sample to see their cumulative effect. 
Interestingly, we found a similar pattern of the responsiveness of various tester 
strains v^ dth the liquid-liquid extracted wastewater and pesticide mixture. 
••• On the basis of the toxicity; different test samples can be arranged in order of 
toxicity as follows: XAD-concentrated water sample > liquid-liquid extracted 
water sample > pesticides mixture. 
*l* The recA, lexA, and polA mutants of E. coli K-12 were highly sensitive in 
presence of test samples. Damage occurred highest in the cell in presence of 
XAD concentrated sample (40 \i\/m\) as compared to the liquid-liquid 
extracted wastewater and pesticide mixture. 
<• lexA and polA mutants were found to be most sensitive strains in the presence 
of test samples. 
<• Extracellular treatment of bacteriophage X with test samples resulted 
significant loss of plaque forming units (PFUs) at a dose 40 ^1/ml of culture 
(XAD concentrated) and 80 |il/mi of culture (liquid-liquid extract and 
pesticide mixture). 
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The different principles and biological end points of the Salmonella reversion 
test and of the E. coli DNA repair test, as well as the comparative data obtained in this 
study, clearly indicate that the two experimental models are not alternative but 
complementary, thus supporting the view that they should be conveniently combined 
in any battery of short-term tests predictive of carcinogenicity. Our results suggest 
that wastewater of industrial area contained certain genotoxic agents which are 
capable of inducing mutations. Moreover, the test samples also initiate the SOS 
response and thus bring about mutation in the bacterial DNA. Thus, the genotoxic 
effect of the test water samples would obviously pose a risk of neoplastic 
transformations in humans. Therefore, consistently high levels of mutagenicity of the 
wastewater thus call for serious attention and remedial measures. 
IV. Genotoxicity of soil 
••• Soil samples were extracted with different solvents (hexane, acetonitrile, 
methanol, chloroform and acetone) and assayed for mutagenicity using Ames 
Salmonella/mamma.\ian microsome test. 
••• Agricultural soil irrigated with wastewater was found to be most responsive to 
the Salmonella tester strains as compared to that of ground water irrigated soil. 
••• All samples exhibited maximum mutagenicity with TA98 strain in the 
presence as well as in the absence of S9 metabolic activation. There was an 
increase in the reversion of tester strains with increasing doses upto 5 |al/plate 
and a decline at the dose of 10 (il/plate. 
• Hexane extract of agricultural soil irrigated with wastewater was found to be 
more mutagenic than other extracts. Extraction of soil with acetonitrile, 
methanol, chloroform and acetone also displayed the maximum mutagenicity 
with TA98 strain both in the presence and absence of S9 metabolic activation. 
•*• The order of mutagenicity of soil extracts (soil irrigated with wastewater) in 
terms of mutagenic potential of initial linear dose response for the most 
sensitive strain TA98 with and without S9 fraction is in the following order: 
hexane > acetonitrile > methanol > chloroform > acetone. 
••• Net revertants per gram of soil extracts (soil irrigated with wastewater) of 
hexane, acetonitrile, methanol, chloroform and acetone for the most 
responsive TA98 strain in the presence of S9 fraction was 46900, 45700, 
42800, 26500, and 25200 revertants/gm respectively and in the absence of S9 
VII 
fraction was 42000, 37300, 32500, 19400, and 17600 revertants/gm 
respectively. 
<• A significant decline in the survival of recA, lexA, and polA mutants of E. coli 
K-12 was observed as compared to their isogenic wild-type counterparts with 
different soil extracts. 
**** polA mutant was found to be most sensitive strains when tested with soil 
extracts but the decline was more pronounced when they were treated with 
wastewater imgated soil extracts of soil than groundwater extracted soil. 
*l* Survival was only 15.2% mpolA mutant when treated with hexane extract of 
soil irrigated v/ith wastewater after 6 h of treatment, while for acetonitrile, 
methanol, chloroform and acetone, it was 20.0%, 30.2%, 35.0% and 39.3% 
respectively. 
•:• Survival was 65.4%, 66.0%, 70.3%, 72.4% and 75.7% mpolA strain after 6 h 
of treatment when treated with ground water irrigated soil extracts of hexane, 
acetonitrile, methanol, chloroform and acetone respectively. 
•> Extracellular treatment of bacteriophage X with soil extracts resulted 
significant loss of plaque forming units (PFUs) at a dose of 5 |j,l/ml of culture. 
<• The decline in plaque forming units (PFUs) was more pronounced in lexA 
strain as compared to their wild type counterparts in the presence of 
wastewater irrigated soil extracts. 
Our study on mutagenicity assessment of contaminated soil in the vicinity of 
industrial area revealed that TA98 was the most responsive strain in terms of 
mutagenic index, mutagenic potential and induction factor. In Salmonella 
typhimurium strains, frame shift tester strain TA98 and base-pair substitution strain 
TAIOO have strings of GC (guanine-cytosine) base pairs at the critical site for 
reversion (growth without histidine) in contrast to TA102 and TA104. These findings 
clearly indicated that the test samples preferentially act on G-C base pair mutants 
(frame shift) as compared to those having A-T base pairs (TA102 and TA104) at the 
site of mutation and also initiate the inducible error prone SOS response within the 
soil extracts treated E. coli mutants. In view of the common practice of application of 
untreated wastewater to agricultural land in the neighbouring area should be strictly 
prohibited as the pollutants might enter into the food chain and cause health hazards 
to humans. 
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specific sequence 
6. Agarose gel electrophoretic profiles of plasmid DNA isolated from 82 
pesticide tolerant and multi-resistant transconjugants of IncWo„T 
specific sequence 
V 1. Survival of E. coli K-12 strains treated with XAD-concentrated, 98 
liquid-liquid extracted samples 
2. Survival of extracellularly treated bacteriophage X with XAD- 99 
concentrated and liquid-liquid extracted samples. 
1. Survival of E. coli K-12 strains treated with soil extracts of 116 
groundwater irrigated soil and wastewater irrigated soil 
2. Survival of extracellularly treated bacteriophage X with soil extracts 117 
of groundwater irrigated soil and wastewater irrigated soil 
Introduction 
Industrial wastes and effluents are undesirable by-products of economic 
development and technological advancement. Hazardous wastes include chemical 
compounds, effluents, discharges, sludges, and wastewaters from industrial sources, 
air borne pollutants released from industries or waste sites (Houk, 1992; Cabrera and 
Rodriguez, 1999). When improperly handled and disposed, industrial wastes imperil 
both human health and environment. Increased incidences of gastro-intestinal cancers, 
bladder cancers, reproductive abnormalities, and congenital malformation have been 
found in populations living near hazardous waste dump sites (Houk, 1992). 
Natural environment is extremely diverse and the majority contains a wide 
range of microorganisms, which reflect the nature of the habitat and the ability of 
individual members to compete successfully and coexist within the given ecosystem 
(Janssen et ai, 2005; Aguirre and Lowe, 2010). The problem of pollution, which is 
global and of high magnitude as a result of discharge of industrial wastewater, has 
been the subject of concern in the industrialized countries (Aleem et al, 2003; Li et 
al, 2008b; Ansari and Malik, 2009a). Pollution of soils with pesticides and heavy 
metals is becoming one of the most severe environmental and human health hazards. 
Elevated levels of these pollutants not only decrease soil microbial activity but also . 
threaten human health through the food chain (Kaushik el al., 2008; Ansari and 
Malik, 2009a). 
The application of increased amounts of pesticides has reached dangerous 
levels since the advent of green revolutions in India. The gains resulting from the use 
of chemical inputs, because of their ability to kill potential disease causing organisms 
and control insects, weeds, and other pests, however, have not been without their 
consequent environmental impacts. The excessive and non-judicious use of these 
chemicals (especially pesticides) has led to environment degradation through air, 
water and soil pollution (Dobhal et al, 2011; Jadhav and Waskar, 2011). 
Pesticides/insecticides/herbicides are designed to kill or adversely affect living 
organisms; they also pose risk to humans, non-target plants and animals. They are not 
only contaminate the ecosystem but also bioaccumulate in the food chain and can be 
traced in plant and animal tissues causing serious health hazards. The world-wide 
deaths and chronic illnesses due to pesticide poisoning number about 1 million per 
year (Tiwana et al., 2007; Begum et al, 2009) 
The concentration of metal pollutants in the environment is usually low 
excepting in specific area which have been polluted by various hospital and industrial 
wastes or by metal ores. The unpolluted environment also harbour metal-resistant 
organisms or organisms that readily adapted to high concentration of metals. Some 
bacteria are physiologically adapted to contaminated environments, whereas other 
species have acquired resistance against toxic metals (Malik et al, 2002; Masood and 
Malik, 2010). Heavy metal resistance has been reported to be important characteristic 
of bacteria found in close proximity of polluted cultivation lands and also some water 
bodies (Malik et al, 2002; Aleem et al, 2003; Malik and Aleem, 2010). 
Heavy metal resistance is frequently encoded by genes located on plasmids 
and transposons and is often transferable intergenerically, interspecially and also from 
in situ microflora to indigenous microflora (Silver, 1996; Malik and Jaiswal, 2000; 
Malik and Aleem, 2010). Metal resistance is often associated with resistance to single 
or multiple drugs (Lindberg et al, 2007; Kar et al, 2008), phenolic compounds and 
pesticides (Shafiani and Malik, 2003; Aguirre and Lowe, 2010; Xu et al, 2010). 
Plasmids provide their host with a large array of phenotypes: antibiotic resistance 
(Datta and Hughes, 1983; Aleem et al, 2003) or heavy metal resistance (Silver, 1996; 
Malik et al, 2002; Aleem et al, 2003; Malik and Aleem, 2010), the ability to degrade 
recalcitrant compounds and to use them as carbon and energy source (Nawab et al, 
2003; Janssen et al, 2005; Drouin et al, 2010). 
Genetic recombination, and more specifically the horizontal transfer of genes 
v/ithin and between bacterial populations, is commonly regarded as an important 
mechanism in the selective adaptation of bacteria to changes in the local environment. 
For the terrestrial environment (soil) the transfer of conjugative plasmids is probably 
the best studied and is argued to be the most important means of gene transfer because 
these genetic elements contain independent replicons, encode dedicated transfer 
mechanism, and can mobilize advantageous factors (Szpirer et al, 1999; Smets and 
Barkay, 2005). 
Conjugative gene transfer mediated by plasmids with broad-host-range is 
generally believed to be a common and widespread mechanism for the transfer of 
genes across a broad phylogenetic range of bacteria (Thomas, 2000). Within the 
proteobacteria, broad-host-range (BHR) plasmids have been defined as those plasmids 
that can be introduced and stably maintained in bacterial species from at least two 
subgroups (e.g. between a and (3-proteobacteria, Szpirer et al, 1999). The well known 
self transmissible BHR plasmids belong to the incompatibility groups IncP, IncN, 
IncW and Inc U (Mazodier and Davies, 1991; Gotz e( al, 1996; Smalla et al, 2000, 
2006; Binh et al, 2008; De Gelder et al, 2008). For instance, RP4 is an IncP plasmid, 
R.388 is an IncW and the IncN plasmids are represented by pKMlOl, and RSFIOIO is 
an IncQ plasmid. IncP, IncN, IncW and IncQ plasmids were commonly found in 
different soil samples and pig manure slurries (Gotz et al., 1996). Antibiotic 
resistance plasmids from piggery manure slurries revealed a high prevalence and 
diversity of IncQ like plasmids (Smalla et al, 2000), whereas, anthropogenic 
contaminated Indian and German soils revealed a prevalence of IncP plasmids (Malik 
et al, 2008). Smalla et al. (2006) reported that mercury resistance genes were found 
to occur on a wide range of plasmids belonging to various incompatibility groups. 
Plasmids from these Inc groups have been frequently detected in environmental 
systems (Gotz et al, 1996; Smalla et al, 2000, 2006). 
The isolation of mobile genetic elements occur by cultivation; exogenous 
isolation in either a biparental or triparental mating or transformation of recipient 
strains with directly extracted plasmid DNA (Smalla et al, 2002). In other words, 
mixing of a suitable plasmid-free recipient strain with a natural bacterial community, 
incubating the resulting mixture so that mating occur, and selecting the recipient cells 
that gain new marker (s) (Smalla et al, 2006; Binh et al, 2008). Hence, exogenous 
isolation is a unique method of capture of conjugative or mobilizable plasmids 
independently from environment using resistance markers (antibiotics and/or metals). 
Traditionally the impact of toxic pollutants discharged into water resources or 
soil have been evaluated by measurement of specific chemical pollutants or perhaps 
more commonly surrogate chemical parameters in the discharge. A major problem for 
this approach is the need for complex analytical technique in the identification and 
quantification of all the pollutants of interest. Furthermore, risk estimation derived 
solely from the presence of specific pollutants requires detailed knowledge of the 
toxicological properties of these pollutants both singly and in combination. An 
alternative approach for testing contaminated soil or water involves the use of 
biological test system for determining the toxicological impact of industrial and 
municipal discharges (Aleem and Malik, 2003 b). 
In view of the above research was undertaken to assess the genotoxicity of 
wastewater and soil irrigated with wastewater of Chinhat industrial area in the vicinity 
of Lucknow (India) near pesticide industry to predict the putative hazards of industrial 
wastewater. An additional aim of the study is to test the pesticide tolerance and 
resistance to heavy metals and antibiotics in bacteria; and prevalence of conjugative 
plasmids in these pesticide tolerant and multi-resistant bacterial isolates. 
In the first chapter of the thesis, review of literature is presented to become 
acquainted with the latest trends in the field of genotoxicity, prevalence of broad-host-
range conjugative plasmids, pesticide tolerance, metal and antibiotic resistance in 
bacteria. 
The second chapter describes the general materials and methods like sampling 
sites, bacterial strains, composition of media and buffers etc. 
The third chapter includes the detection and characterization of conjugative 
plasmids in pesticide tolerant and multi-resistant bacterial isolates. 
The fourth chapter focuses on exogenous isolation of conjugative plasmids 
from contaminated soil. 
Genotoxicity of wastewater and soil is presented in Chapters V and VI 
respectively. The bibliography and summary is documented at the end. 
Chapter I: 
Review of literature 
The rapid increase in populations worldwide has resulted in the need for 
greater fuel demand and development of industrial chemicals, fertilizers, pesticides 
and pharmaceuticals to sustain and improve quality of life (Chakrabarty et al, 1988). 
Although many of these chemicals are utilized or destroyed, a high percentage is 
released into the air, water and soil, representing a potential environmental hazard 
(Alexander, 1995; Anwar et al, 2009). Consequently, earth's natural resources are not 
only being depleted, but are also becoming polluted and unfit for human use. The use 
of pesticides has benefitted modern society by improving the quantity and quality of 
the world's production while keeping the cost of that food supply reasonable. 
Unsurprisingly, pesticide use has become an integral part of modern agricultural 
systems. Because of continuous pest problems, their usage possibly cannot be 
discontinued in the near future. Extensive and improper use of these chemicals had 
already caused considerable environmental pollution and leads to greater health risk 
to plants, animals and human population which have been reviewed from time to time 
by several workers (Ajaz et al, 2005; Bhagobaty et al, 2007; Chowdhary et al, 2008; 
Murugesan et al, 2010). Unfortunately, it is not possible within a short time to 
replace all the industrial processes generating polluting waste streams with clean 
alternatives. Therefore, treatment both at source and after release, whether accidental 
or not, must be considered as alternatives in many cases (Belts, 1991). Current 
legislation and recent waste management strategies have placed significant emphasis 
on waste minimization, recycling and remediation rather than disposal (Colleran, 
1997; Barbagallo et al, 2001; Baczynski and Pleissner, 2010). The persistence of 
organo-xenobiotics in the environment is a matter of significant public, scientific and 
regulatory concern because of the potential toxicity, mutagenicity, carcinogenicity 
and ability to bioconcentrate up the trophic ladder. These concerns continue to drive 
the need for the development and application of remediation techniques (Colleran, 
1997). 
Chemical pesticides have contributed greatly to the increase of yields in 
agriculture by controlling pests and diseases and also towards checking the insect-
borne diseases (malaria, dengue, encephalitis, filariasis, etc.) in the human health 
sector (Abhilash and Singh, 2009). Owing to their efficiency; these compounds were 
considered a boon to the fields of agriculture and medical entomology. 
Organochlorine insecticides are more toxic to insects and less toxic to non-target 
organisms, but these chemicals can damage a wide variety of beneficial as well as 
harmful organisms due to their persistence in the environment (Nawab et al, 2003). 
Therefore, organochlorine insecticides have important ecological effects in addition to 
those usually intended. Among these, the interaction of pesticides with 
microorganisms is important, since microorganisms are involved in many basic 
ecological processes, such as biogeochemical cycles, decomposition processes, 
energy transfer through trophic levels, and numerous microbe-microbe, microbe-
plant, and microbe-animal interactions (Prakash et al, 2004; Lai et al, 2007). 
Millions of tons of pesticides are applied annually; however, less than 5% of 
these products are estimated to reach the target organism, with the remainder being 
deposited on the soil and non-target organisms, as well as moving into the atmosphere 
and water (Pimental and Levitan, 1986). Microbes and plants are among the most 
important biological agents that remove and degrade waste materials to enable their 
recycling in the environment. Soil microflora, mainly bacteria, fungi, algae and 
protozoa make a valuable contribution in making the soil fertile through their primary 
catabolic role in the degradation of plants and animal residues in the cycling of the 
organic, inorganic nutrients content of soil. Pesticides that disrupt the activities of the 
soil microorganisms could be expected to affect the nutritional quality of soils and 
would therefore have serious ecological consequences (Handa et al, 1999). The fate 
of the pesticides in the soil environment in respect of pest control efficacy; non-target 
organism exposure and offsite mobility has become a matter of environmental 
concern (Hafez and Thiemann, 2003) potentially because of the adverse effects of 
pesticidal chemicals on soil microorganisms (Araujo et al, 2003) which may affect 
soil fertility (Schuster and Schroder, 1990). Pesticide should be toxic only to the 
target organism, be biodegradable and undesirable residues should not affect non-
target surfaces. However, the use of pesticide has been minimized or terminated in 
technologically advanced countries due to their persistence in nature, susceptibility to 
biomagnifications, and toxicity to higher animals. But the ever-increasing world 
population and poor health conditions especially in developing countries, may 
outweigh the disadvantages caused by the extensive use of these insecticides (Handa 
et al, 1999; Prakash et al, 2004; Lai et al, 2007). 
Pesticide pollution 
Pesticide consumption in India has increased from 2353 MT in 1955 to 40,672 
MT in 2005 for technical grade chemical pesticides. In March, 2005, 186 technical 
grade pesticides were registered in the country for use under section 9 (3) of 
Insecticides Act, 1968. (Directorate of Plant Protection and Quarantine, Govt, of 
India). Indian pesticide industry has achieved the status of second largest basic 
pesticide manufacturer in Asia after Japan. Interestingly, India's consumption of 
pesticides per hectare is low (0.5 kg/ha) when compared with world averages like 
those of Korea (6.60 kg/ha) and Japan (12.0 kg/ha). According to the pesticide 
industry statistics, India spends only $3/ha on pesticides compared to $24/ha spent by 
the Philippines, $255/ha by South Korea and $633/ha by Japan (TERI, 2000). 
However, the contamination of food products in the country is alarming. About 20% 
of Indian food products contain pesticide residues above tolerance level compared to 
only 2% globally (TERI, 2000). This is primarily due to their non-judicious use in 
certain areas/states, lack of awareness and inadequate information dissemination 
amongst the farming community. 
Chattopadhyay studied "Insecticide and pesticide pollution of food stuffs and 
their toxic effect on man" (Chattopadhyay, 1998). He reported more than 40 
pesticides in use in agriculture in Panjab, India. Experimental samples were prepared 
by spraying various vegetables like cabbage, cauliflower, brinjal, etc., with pesticides 
like quinalphos, malathion, methyl carbaryl, phosphamidon, dimethoate, dichlorovos 
and phorate and exposed to various environmental conditions to determine their 
degradation time. He observed that persistence of the insecticides was temperature 
dependent, whereas residues of malathion and quinalphos were observed even after 
one week when the temperature ranged between 15°C and 22°C, phosphamidon, 
dimethoate and dichlorovos were detected only upto 4/5 days, when temperature 
range was 30.8° to 42.6°C. He recommended at least 10 days gap between last 
application of the pesticide on crop and its harvest. 
Chahal et al. (1999) investigated the levels of insecticide residues in 
vegetables. They collected 197 samples of various vegetables from farmer fields when 
these were ready for transportation to the market. Their results indicated that 45 out of 
65 samples of Brinjal were contaminated with different insecticides and 24 of these 
contained residues above their maximum residue limits (MRLs). In case of cabbage, 
25 samples were found to be contaminated with monocrotophos, methyl parathion, 
quinalphos, chloropyriphos, cypermethrin, fenvalerate, deltametrin and endosulfan. 
Out of these, 19 samples contained insecticides above MRL values. Seven out of 17 
okra samples were contaminated with methyl parathion, quinalphos, monocrotophos, 
triazophos, chloropyriphos and fenvalerate, though none exceeded their respective 
MRLs. Three out of five samples of potato contained residues of dichlorovos above 
its MRLs of 0.5 mg/kg. Residues of phosphamidon in one and quinalphos in two 
samples of tomato out of 25 samples were found to exceed their respective MRLs. All 
the samples were also analysed for the presence of DDT and HCH/BHC residues; 
however, their residues were below the detection limit of 0.001 mg/kg. The study 
revealed that 70% of vegetables were contaminated with different insecticides and 
about 27% of samples contained residues above their respective MRLs. 
Enviromiiental pollution of natural waters by pesticide residues is of great 
concern. Pesticides are one class of compounds that, despite their benefits, may 
produce a wide range of toxic side effects that pose a potential hazard to the 
environment (Kolpin et al, 1998; Golfinopoulos et al., 2003; Zhao et al., 2007). Hans 
et al. (1999) tested soil samples from dry bed of the River Ganges at Kanpur (India) 
and reported pesticides hexachlorocyclohexane (HCH), dichlorodiphenyl 
trichloroethane (DDT) their isomers and metabolites in all the samples. Mean levels 
of 109.35, 136.76 and 145.93 ^g HCH/kg and 6.64, 49.3 and 46.70 ^g DDT/kg were 
obtained in the rural upstream, city and downstream industrial areas, respectively. 
Prakash et al. (2004) evaluated 45 soil samples of surface and subsurface soils from 
agricultural sites of Delhi, Haryana, Haridwar, Uttar Pradesh and also around the 
pesticide industry, Chinhat industrial area, Lucknow, (India) for the presence of 
residues of HCH isomers. They found residues of/9-HCH (2.5 (ig/kg to 463 mg/kg of 
soil) in 39 of the 45 soil samples, y-HCH (0.08 i^g/kg to 43.00 mg/kg) in the 
remaining soil samples, whereas a-HCH (0.04 [ig/kg to 98.00 mg/kg of soil) and S-
HCH (0.07 |ig/kg to 458.00 mg/kg of soil) were detected less frequently. Aleem and 
Malik (2005) found the pesticides BHC, DDE, and DDT as 25, 1.6, and 8.8 ng/1, 
respectively, in the Yamuna water at Delhi. The River is highly polluted with 
domestic as well as industrial waste at Delhi. Pandit et al. (2002) reported persistent 
organochlorine pesticides in marine waters at Mumbai. They found HCH, DDE, and 
DDT as 5.42, 0.87, and 12.45 ng/1, respectively. All the sources showing pesticide 
pollution may have the possibility by wastewater contamination. Ansari and Malik 
(2009a) evaluated industrial wastewater samples of Ghaizabad City, India and found 
that the concentration of pesticides (organochlorines) BHC, DDE, DDT, Dieldrin, 
Aldrin, and Endosulfan were of 27.06, 15.82, 18.41, 3.20, 0.93, and 1.82 ng/1, 
respectively and organophosphorus; Dimethoate, Malathion, Methylparathion, and 
Chlorpyriphos were 0.99, 1.75, 1.92, and 0.98 ng/1, respectively. 
Beneficial effects of pesticides 
Pesticides are a mixture of substances applied for the preventing, destroying, 
repelling or mitigating any pest. Pesticides have had a key role in improving 
productivity to such an extent that India, a farmer country of famine has quadrupled 
grain production since 1951 (Jha and Chand, 1999) and now not only feeds itself but 
exports produce (100 m tonnes in 2003 - Indian export stats). Similarly outputs and 
productivity have increased dramatically in most countries, for example, wheat yields 
in the United Kingdom rose from 2.5 t/ha in 1948 to 7.5 t./ha in 1997 (Austin, 1998). 
Corn yields in the USA went from 30 bushels per acre to over a hundred per acre over 
the period from 1920 to 1980. Increases in productivity have been due to several 
factors including use of fertiliser, better varieties and use of machinery. However 
pesticides have been an integral part of the process by reducing losses from the 
weeds, diseases and pests that can markedly reduce the amount of harvestable 
produce. 
Webster et al. (1999) stated that "considerable economic losses" would be 
suffered without pesticide use and quantified the yield increases and 50% increase in 
gross margin that result from pesticide use in British wheat production. Schmitz 
(2003) explored the potential effect on European crop productivity of possible EU 
legislation to reduce pesticide usage. He concluded that the evidence for the benefits 
of a reduction strategy were unconvincing and an imposed cut of 75% would reduce 
productivity to catastrophically low levels, that is, by between one third and two 
thirds of the original production levels. 
Insecticides are used to control insect pests that feed on crops or carry plant 
diseases and thus prevent huge losses. Fungi are one of several causative agents of 
diseases of crops that can reduce yield and quality of food crops (Agrios, 2002) and 
they sometimes produce toxic compounds making the produce unfit to eat. Fungicides 
now routinely protect many crops throughout the world from various diseases like late 
blight, powdery and downy mildew, leaf spot, scab, canker, rust, Botrytis grey mould. 
Weed competition is the major constraint that limits yield in many crops. Herbicides, 
i.e., chemical substances used to kill or control unwanted vegetation, are the most 
widely used type of pesticide and comprise around 50% of all crop protection 
chemicals used throughout the world, compared with insecticides and fungicides that 
are around 17% each. Timely weed control was found to be essential for better crop 
establishment, tillering, vigorous growth, higher fertilizer efficiency and increased 
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yield. There would be estimated US $13.3 billion loss in farm income in the US 
without timely appUcation of herbicides (Anon, 2003), Yancy (2005) put the figure 
higher for benefits of herbicide use at $21 billion annually, against a cost of $6.6 
billion for the product and application, thereby reducing losses to weeds by 23% and 
reducing loss of farm income valued at $8 billion. Chemical weed control reduced soil 
erosion by 400% (40 tonnes/ha) and provided an average production increase of 16% 
due to increased soil moisture and reduced root damage compared with tilled systems. 
Hazards of pesticides 
Pesticides have resulted in serious health implications to man and his 
environment. The high risk groups exposed to pesticides include the production 
workers, formulators, sprayers, mixers, loaders and agricultural farm workers. During 
manufacture and formulation, the possibility of health hazards may be higher because 
the processes involved are not risk free. In industrial settings, the workers are at 
increased risk since they handle various toxic chemicals including pesticides, raw 
materials, toxic solvents and inert carrier (Handa et ai, 1999; Das et al, 2003). 
Studies suggest that pesticides may be related to various diseases, including 
cancers, as well as having neurological, mental and reproductive effects. Exposure to 
the pesticides can also lead to immune system disorders in humans. Children may be 
more susceptible to the effects of pesticides due to increased exposure via food and 
breast milk, underdeveloped detoxification pathways, and longer life expectancy in 
which to develop diseases with long latency periods (Cohen, 2007). 
Most of the pesticides used are organic molecules with hydrophobic properties 
resuhing in rapid sorption of the pesticide molecules to the soil particles that can be 
washed into the water. After the pesticides reach the aquatic ecosystem in dissolved 
form, they associate with organic matter in suspension or sediment. Sorbed pesticide 
molecules tend to be less degradable than their dissolved forms; since they are less 
accessible to the degrading action of microorganisms, UV-light and dissolved 
oxidative chemicals (Ying and Williams, 2000). 
Impact on soil microorganisms and plants 
In modern agriculture practices, application of insecticides which belong to 
diverse chemical groups has become a common practice to fight against insect pests 
for the treatment of soil and seed. The application of such insecticides causes their 
accumulation in soils and affects directly or indirectly the soil enzyme activities and 
physiological activities of non-target soil microbiota leading thereby to the losses in 
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fertility of soils (Martijin et ah, 1993). For the fertility and plant growth, soil 
microorganisms are an important and diverse community that catalyses many 
processes (Yedla and Dikshit, 2001). There are many processes that are important for 
cycling of the nutrients from the soil and fertilizers and transfer of nutrients directly to 
the crops by microbes Therefore, these microbial soil communities are greatly 
influenced by various factors including the agrochemicals. In modern agricultural 
trends, agronomists recommend pesticides in order to augment the productivity of 
various crops. Zahran (1999) and Srinivas et al. (2008) reported that continuous and 
abundant use of synthetic pesticides has become a major threat to beneficial soil 
microbes and in turn affects the sustainability of agricultural crops. It is globally, a 
greater concern that, how to minimize or reduce the effects of pesticides so that the 
consequential impact of these chemicals on the microorganisms involved in nutrient 
cycling, vis-a-vis the productivity of crops could be saved. Rajagopal et al. (1984) 
have reported both innocuous and inhibitory effects of certain pesticides on soil 
bacteria depending on the concentrations used. 
Hea\'y metal pollution 
Rapid industrialization and urbanization have resulted in elevated emissions of 
toxic heavy metals and radionuclides to the biosphere. Inorganic toxicants may occur 
as cations of metals such as mercury (Hg), cadmium (Cd), chromium (Cr), lead (Pb), 
nickel (Ni), and uranium (U). Toxic inorganics may also include alkylated or 
aromatized forms of metal ions, such as methylmercury and phenylmercury.The 
increasing quantities of toxic metals emitted into the biosphere pose potential hazards 
to ecosystems and influence the metabolism of living organisms (Gazso et al, 2001; 
Ansari and Malik, 2007). 
Heavy metals pose a significant threat to the environment and public health 
because of their toxicity and their accumulation in soil and food chains (Ceribasi and 
Yetis, 2001; Chen et al, 2009; Gurel et al, 2010). Metal pollution of the biosphere by 
toxic metals has accelerated dramatically since the industrial revolution (Mclveen and 
Negusanti, 1994). Industrialized countries are increasingly concerned regarding the 
occurrence of toxic metals in the environment. The most effective policy to minimize 
their release from industrial or agricultural sources is the adoption of low waste-
generating technologies coupled with effective effluent purification processes 
(Fourest et al, 1994; Sag et al, 2000). 
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In recent years, public awareness has increased regarding the long-term effects 
of wastewater containing toxic elements. Numerous industrial processes generate 
aqueous effluents contaminated with heavy metals. Metal concentrations must be 
reduced to meet ever increasing legislative standards and recovered where feasible. 
According to the World Health Organization, the metals of most immediate concern 
are Hg, Cr, Cd, Pb, Ni, aluminum (Al), manganese (Mn), iron (Fe), cobalt (Co), 
copper (Cu), and zinc (Zn) (Allen and Brown, 1995; WHO, 2002). 
Many researchers have reported heavy metal pollution in soil, especially in 
agricultural lands in different parts of the world (Fabiani et al, 2009; Sun et al, 2009; 
Yang et al, 2009). Fossil fuel combustion, mineral mining and processing, and 
generation of industrial effluents and sludges, biocides and preservatives release a 
variety of toxic metal species into aquatic and terrestrial ecosystems, and this can 
have significant effects on biota (Wainwright et al, 1997; Pokrovsky et al, 2008; 
Fabiani et al, 2009). Metal-rich habitats also occur due to natural localized ores and 
mineral deposits, and weathering of rocks, minerals, soil, and sediments are a vast 
reservoir of metals. Restoration of metal-polluted habitats requires a functional 
microbial community for plant community establishment, soil development, and 
biogeochemical cycling. 
Heavy metals are nondegradable and exist in number of inorganic and organic 
forms. Some heavy metals such as Fe, Cu, and Zn are essential trace elements but 
others, such as Cd and Pb, have no beneficial biological function and are toxic even in 
very small amounts. Cadmium, Pb, and Hg are regarded as the most toxic of the 
heavy metals. Another elemental toxicant, arsenic (As), is sometimes regarded as a 
heavy metal, although strictly speaking, it is a metalloid. Contamination of soil and 
v/ater by heavy metals has significant relevance because metals cannot be degraded 
like most organic pollutants and they accumulate in terrestrial, aquatic and marine 
food chains (Smejkalova et al, 2003; Ortega- Larrocea et al, 2007). Metals such as 
Cd, Cr, Pb, Hg, As, copper (Cu), zinc (Zn), and nickel (Ni) are continuously being 
added to soils through agricultural activities such as long-term application of urban 
sewage sludge, and industrial activities such as waste disposal, waste incineration, and 
through vehicle exhausts. These sources cause the accumulation of metals and 
metalloids in soils and pose threats to food safety and public health due to soil-to-
plant transfer of metals. 
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Metals cause detrimental effects on both aquatic and terrestrial ecosystems and 
human health due to their mobilities and solubilities which determine their speciation 
(Kabata-Pendias, 1992; Del Val et al, 1999). In some cases, soil may be 
contaminated to such an extent that it may be classified as a hazardous waste (Berti 
and Jacob, 1996). Soil contamination with heavy metal mixtures is receiving 
increasing attention from the public as well as governmental agencies, particularly in 
developing countries (Yanez et al, 2002; Khan, 2005). 
Pesticide Tolerance in Bacteria 
A process of developing tolerance to pesticides is a complex physiological and 
genetic phenomenon, on the basis of which a temporary and permanent tolerance can 
be distinguished (Chowdhary et al, 2008). Microorganisms that developed tolerance 
to xenobiotics (pesticides), are frequently capable of biodegrading them (Bellinaso et 
al, 2003; Anwar et al, 2009) and are able to remediate soil (Juhasz et al, 2002; 
Baczynski and Pleissner, 2010). 
Elimination of halogens from halogenated xenobiotic molecules is a key step 
in their degradation; because the carbon-halogen bond is relatively stable (Fetzner and 
Lingens, 1994; Anwar et al, 2009). Reports have shown that bacteria, mainly 
Pseudomonas isolated from aerobic soils could degrade not only the y-isomer (Senoo 
and Wada, 1989) but also the a- and p-isomers of HCH under aerobic conditions 
(Sahu et al, 1990; Nawab et al, 2003; Lai at el, 2007). The rapid disappearance of y-
benzenehexachloride from soil and aquatic environments has been attributed to its 
susceptibility to degradation by microorganisms (Johri et al, 2000; Baczynski and 
Pleissner, 2010). Evidence from soil degradation studies indicates that cleavage and 
mineralization of the heterocyclic ring of organophosphates occur in soil due to the 
activities of microorganisms (Racke and Coats, 1990; Gupta et al, 1994). Tolerance 
of pesticides namely endosulfan, carbofuran and malathion were observed in 
Pseudomonas, Azotobacter and Rhizobium strains isolated from soil (Shafiani and 
Malik, 2003). Soil bacteria degrading chlorpyriphos include Flavobacterium sp. 
ATCC 27551, Pseudomonas diminuta strain GM and Pseudomonas putida (Rani and 
Lalitha-Kumari, 1994). Chlorpyriphos has been shown to be degraded co-
metabolically in liquid medium by bacteria (Mallick et al, 1999; Home et al, 2002; 
Bhagobaty and Malik, 2008). Enhanced degradation of chlorpyriphos by Enterobacter 
strain B-14 was reported by Singh et al (2004). Yang et al (2005) isolated 
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Alcaligenes faecaUs DSP3, capable of degrading chlorpyriphos and 3,5,6-trichloro-2-
pyridinol (TCP). 
Metal Resistance in Bacteria 
The pollution of the environment with heavy metals has led to the appearance 
of metal resistant microorganisms in the soil and water of industrial regions. In many 
cases, resistance to heavy metals is determined by plasmids, which can be used for the 
creation of novel strains with a high detoxifying activity against heavy metals. The 
investigation of such strains has greatly contributed to our knowledge of the structure 
and function of the determinants and mechanism of metal resistance (Pal et al., 2005; 
He et al., 2010). Heavy metals generally exert an inhibitory action on 
microorganisms by blocking essential functional groups, displacing essential metal 
ions, or modifying the active conformation of biological molecules. Copper, 
chromium, cadmium and nickel are known to be the most commonly heavy metals 
used and the more widespread contaminants of the environment (Singh et al., 2010a, 
2010b). However, at low concentration some metals are essential for microorganisms 
since they provide vital co-factors for metallo-proteins and enzymes (Ganguli and 
Tripathi, 2002; Liu et al., 2006; Abou-Shanab et al., 2007; Begum et al., 2008) but 
high levels of them may cause extreme toxicity to living organisms due to inhibition 
of metabolic reactions. 
Heavy metal resistance have been frequently found on plasmids of gram negative 
and gram positive eubacteria (Rochelle et al., 1989). The metal resistance is often 
associated with resistance to single or multiple drugs, phenolic compounds and 
pesticides (Lokeshwari and Chandrappa, 2006; Ansari et al., 2008; Begum et al., 
2008). The known mechanisms of bacterial heavy metal resistance are (Silver, 1992): 
1. Keeping the toxic ion out of the cell by altering a membrane transport system 
involved in initial cellular accumulation. 
2. Intracellular or extracellular sequestration by specific mineral-ion binding 
components (analogous to the metallo-thioneins of eukaryotes and the 
phytochelatins of plants but generally at the level of the cell wall in bacteria), 
3. Highly specific cation or anion efflux systems encoded by resistance genes 
(analogous to muhiple resistance of animal tumor cells). This is the most 
commonly found mechanism of plasmid controlled bacterial metal ion-
resistance. 
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4. Detoxification of the toxic cation or anion by enzymatically converting from a 
more toxic to a less toxic form. This last surprising mechanism does indeed 
occur, as best known for detoxification of inorganic and organomercurials. It 
may also be used for oxidation of As (III) and reduction of Cr (VI) to less 
toxic forms, but these known microbial processes have not been associated 
with plasmids (Liu et ai, 2006). 
The concentration of metal pollutants in the environment is low excepting in 
specific area which are polluted by various hospital and industrial wastes. 
However, unpolluted environments may also harbor metal resistant organisms that 
readily adapt to high concentration of metals. The incidence of plasmid bearing 
strain is more in polluted site than in the unpolluted region (Hada and Sizemore, 
1981; Malik era/., 2002). 
Antibiotic resistance in bacteria 
Antibiotic resistance is a public health concern of great urgency because of 
growing inefficacy of antimicrobial agents to treat infectious diseases. This is mainly 
caused by the propagation of antibiotic resistance genes due to the overuse of 
antimicrobials in humans and intensive use of antibiotics in animals and agriculture 
(MoUen et ai, 2001; Rysz and Alvarez, 2004). Several studies have reported the 
presence of antibiotic resistant bacteria outside the hospitals setting worldwide, 
namely in food, sewage, waters for recreational activities, soil, air, animals, healthy 
human faeces and among others (Kiimmerer, 2004; Kumar and Schweizer, 2005). 
The presence of antibiotic resistance bacteria in water sources throughout the 
world has also been well documented. Bacteria are able to adapt rapidly to new 
environmental conditions such as the presence of antimirobial molecules and as a 
consequences, resistance increases with the antimicrobial use (Lewinson and Bibi, 
2003; Auerbach et al., 2007; Bockelmann et ai, 2009). Many of the microorganisms 
presented multiple antibiotic resistance (Ansari et al., 2008; Baquero et al., 2008; 
Binh era/., 2008). 
Proliferation of resistance genes can take place by vertical transfer 
(multiplication of cells harboring a resistance gene), and by three recognized 
mechanisms of prokaryotic gene transfer (transformation, conjugation, and 
transduction). Horizontal transfer by conjugation, or conjugation like processes, 
seems to be of particular importance under environmental conditions, because 
resistance genes are often found on plasmids that are either transferable or 
16 
mobilizable (van Elsas et al, 1990; S0rensen et ai, 1996). Conjugative plasmids have 
been identified in bacterial populations inhabiting, for instance, the phytosphere of 
sugar beet, the rhizosphere of wheat, contaminated soils, River epilithon, marine 
sediments, marine air water interfaces, marine water, marine biofilm communities, 
sev/age and activated sludge (Davison, 1999; Droge et ai, 1999; Ansari et al., 2008; 
Malik et al., 2008). Because of the fact that soil can continuously be enriched with 
antibiotic resistant genes, it is important to investigate the role ecosystems play in the 
transmission of antibiotic resistant genes. Enteric bacteria from the intestinal flora of 
humans and animals are spread to the soil through wastewaters and the use of manure 
as fertiliser (Haack and Andrews, 2000; Smalla et al., 2000; Binh et al., 2008). 
Furthermore, the natural production of antibiotics in soil by the micro-biota can be 
another potential source of selection for antibiotic resistance genes within the soil 
environment (van Elsas, 1992; Bahl et al., 2009). 
Bacterial Plasmids 
Plasmid is an extrachromosomal part of the DNA circular duplex molecule 
naturally present in some bacterial species (Amabile-Cuevas and Chicurel, 1992) 
ranging in size from a few to more than one thousand kilobases (kb) and.can represent 
a large proportion of the whole bacterial genome. Screenings from different 
environments have revealed that the plasmid incidence in the agricultural soil, 
wastewater, sediments, piggery manure and wastewater treatment plant was 18, 18, 
32, 34, 50 % respectively (Gotz et al., 1996; Malik et al., 2002; Smalla et al., 2006; 
Oregaard and Sorensen, 2007; Binh et ai, 2008). These accessory chromosomes can 
replicate independently of the host chromosome. In contrast with the host genome, 
they are dispensable under certain conditions. A bacterial cell may have no plasmids 
at all or it may house as many as 20 copies of plasmids. 
Our knowledge of prevalence and diversity of bacterial plasmids has been 
very limited, while, well characterized plasmids are mostly belonging from clinical 
bacteria (Smalla et al, 2000; Grohmann et al, 2003; Smalla et al, 2006). For the 
characterization of plasmid, sequencing the plasmid or its part has become a straight 
forward approach. Recently, Ramirez-Diaz et al. (2011) determined the complete 
nucleotide sequence of conjugative plasmid pUM505 containing virulence and heavy 
metal resistance genes which was isolated from a clinical strain of Pseudomonas 
aeruginosa. The plasmid had a length of 123,322 bp and contained 138 complete 
coding regions, including 46% open reading frames encoding hypothetical proteins. 
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Plasmids isolated from environmental bacteria are often very large ranging in size 
upto 500 kilobases (kb), tend to be transferred by conjugation and are able to replicate 
in a number of different bacterial hosts (Grohmann et ai, 2003; Binh et al, 2008). 
The traits precise by plasmids include toxic heavy metal resistance, antibiotic 
resistance, degradation of xenobiotic compounds, symbiotic and virulence 
determinants, bacteriocin production, resistance to radiation and increased mutation 
incidence (Snyder and Campness, 1997; Thomas, 2000; Sota et al, 2006). Therefore, 
by transferring genetic material, plasmids play a major role in enhancing the genetic 
diversity and adaptation of bacteria. 
Narrow and Broad-host-range plasmids 
The host range of conjugative plasmids has been divided into narrow host 
range plasmids and broad-host-range plasmids, afterwards these plasmids were 
habitually called promiscuous plasmids. The original definition of BHR plasmids was 
used to describe plasmids isolated in species belonging to the Enterobacteriaceae 
that, not only transferred to members of this family, but also to Pseudomonas species 
and vice versa (Datta and Hedges, 1971). Since then, many of the isolated plasmids 
from Gram negative bacteria have been shown to transfer and replicate among 
members of y subdivisions of Proteobacteria. Consequently, a more stringent 
definition of BHR plasmids was proposed, which refers to those plasmids transferring 
and maintaining in bacteria from different phylogentic subgroups (Top et al., 1998). 
Some plasmids are able to replicate in a limited number of bacterial species they have 
a narrow host range. Examples are ColEl, pBR322, pUC18 plasmids which are 
limited to E. coli and some closely related species. Other plasmids are able to 
replicate in a wide range of bacterial species; they have a broad-host-range. The study 
of the difference between broad-host-range and narrow host range plasmids revealed 
that there was low number of restriction sites in BHR plasmids than narrow host range 
plasmids. Hence, owing to this characteristic, BHR plasmids easily overcome the 
restriction barrier of the host cells (De Gelder et al, 2008; Bahl et al, 2009). It may 
be possible to eventually track the plasmids history and predict from which organism 
the different genes or mobile genetic elements originate or have passed through. 
Subsequently, a more stringent definition of BHR plasmids was anticipated, which 
refers to those plasmids transferring and maintaining in bacteria from different 
phylogentic subgroups (Top et al, 1998; De Boever et al, 2007). 
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Since there are several examples of plasmid transfer to recipient strains where 
the plasmid cannot replicate, it is possible that the key difference between BHR 
plasmids and NHR plasmids is the replication systems (Krishnpillai, 1988). Although 
some plasmids control by themselves the frequency of initiation of their replication, 
most plasmids rely extensively on the host replication machinery (Espinosa et al, 
2000). This implies an appropriate communication between plasmid and host-specific 
factors. The narrow host range plasmids of Gram negative bacteria (Co/El, F, PI, 
R6K, pSClOl and Rl) have solved this host/plasmid interplay with only a limited 
number of highly related hosts (Espinosa et al, 2000). The BHR plasmids such as the 
IncP-1 (RP4) and IncQ (RSFIOIO) incompatible groups have designed different 
strategies allowing them to be propagated in most Gram negative hosts and at least in 
some Gram positive bacteria. In Gram positive bacteria, many rolling circle and some 
theta type replicating plasmids exhibit a BHR, being able to maintain themselves in 
several unrelated Gram positive and negative bacteria (Espinosa et al, 2000). 
IncP-1 incompatibility group plasmids of broad-host-range spread in most of 
the gram negative bacteria (Espinosa et al, 2000; Ansari et al., 2008). The IncP-1 
plasmids are one of the most promiscuous groups of plasmids which are capable for 
both self transfer and maintenance within most of the members of the tested Gram 
negative bacteria (Smith and Thomas, 1987; De Gelder et al., 2008). The IncP-1 
plasmid was proficient to mobilize transfer of DNA among bacteria and 
Saccharomyces cerevisae (Heinemann and Spraque, 1989) while, IncP plasmids are 
not maintained in species other than Proteobacteria, unless modified to a shuttle 
vector. 
Plasmid classification by incompatibility 
Plasmids have been classified according to their physical and phenotypic 
characteristics or by incompatibility testing, replicon typing and complete plasmid 
sequencing (Smalla et al, 2000). At present, plasmids are mainly classified according 
to their universal inheritable property, the incompatibility (Inc), which indicates 
relatedness in their replication system and partitioning (Datta and Hedges, 1972; 
Novick, 1987), and hinders plasmid coexistence with an "incompatible" group in a 
cell, but not coexistence of plasmids from different Inc groups. 
Plasmid classification was developed on the basis of incompafibility group in 
the early 1970s by Datta and Hedges and has been used to classify many plasmids 
from Gram positive and Gram negative bacteria (Datta and Hedge, 1979; Couturier et 
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al, 1988, Table 1). Incompatibility testing is usually accomplished by investigation of 
the ability of an incoming unknown plasmid, introduced by conjugation or a 
reciprocal transformation (Tietze, 1998), to establish in a cell already containing 
another known plasmid. If the resident plasmid is eliminated in the progeny selected 
for incoming plasmid markers, the incoming plasmid is assigned to the same Inc 
group (Datta and Hedges, 1971). 
Table 1. Classification of incompatibility group plasmids. 
Incompatibilty group Plasmids 
FI F, R386 
FII Rl 
Fill Col B-K99, Col B-Kl66 
FIV R124 
R62, R64, R483 (at least 5 
subgroups) 
J R391 
N R46, pULB2432 
0 R724 
P RP4 
Q RSFIOIO, pJE723 
T R401 
U pRSAl 
W R388 
PCR amplification of specific plasmid regions {oriT for IncW and IncP; oriV 
for IncQ etc.) (Gotz et al, 1996) is also frequently used as a classification method 
among isolated plasmids, or for monitoring their distribution in the environment (Gotz 
et al, 1996; Smalla et al, 2000, 2006; Binh et al, 2008; Malik et al, 2008). For 
instance, the presence and diversity of IncP-1 plasmids in a wastewater treatment 
plant was studied by PCR amplification of the trfA gene, located in the replicon 
region of IncP-1 (RP4) plasmids (Bahl et al, 2009). PCR amplification of the trfA 
gene was also used by Oregaard and Sorensen (2007) for classification of pKris-1 
(IncP-1) plasmid. PCR-based detection of plasmids belonging to IncP, IncN, IncW 
and IncQ plasmid groups (Gotz et al, 1996) is extended to cover most plasmid 
incompatibility groups circulating among the Enterobacteriaceae, as the specific 
primers recognizing FIA, FIB, FIC, HIl, HI2, Il-Ig, L/M, N, P, W, T, A/C, K, B/0, 
X, Y, F, and FIIA replicons have been created (Carattoli et al, 2005). 
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Plasmids classified in E. coli and in Pseudomonas as IncP are a particularly 
well studied group of plasmids because they are very promiscuous (they can replicate 
in many different hosts) and have been found not only in clinical contexts, but also in 
soil and aquatic environments. IncP-1 plasmids carry a variety of phenotypic markers 
including antibiotic resistance and toxic heavy metal ion resistance (Zatyka and 
Thomas, 1998; Ansari et al., 2008; Bahl et al., 2009). IncP-1 plasmids have been 
divided into two subgroups, IncP-la and IncP-ip, which appear to represent major 
evolutionary branches of the IncP-1 group (Smith and Thomas, 1987; Binh et al., 
2008). This grouping was primary based on the patterns obtained by Southern blotting 
Haell digests of 10 IncP plasmids with a probe carrying the oriT region of RP4 
(Yakobson and Guiney, 1983). The IncP-ip plasmid R751 genome was also 
sequenced, and compared to the sequence of the RP4. The comparison between the 
tvra sequences confirmed the conservation of the IncP-1 backbone genes for 
replication, conjugative transfer and stable inheritance functions between the two 
branches of this family. The typical IncP-1 plasmid backbone is interrupted by 1 or 2 
MGEs (Smith and Thomas, 1987). 
Conjugation 
The first published research on conjugal exchange of circular DNA elements 
by a sex-resembling process among intestinal E. coli was reported by Joshua 
Lederberg and Edward Tatum at Yale University (USA) (Tatum and Lederberg, 
1947). Conjugative plasmids are considered to be auto transmissible (or self-
transmissible), provided that they contain a self-sufficient conjugative transfer system, 
and historically the conjugation has been studied most thoroughly through analysis of 
antibiotic resistance plasmids of Gram negative bacteria. Self-transmissible conjugal 
plasmids carry the genes necessary for transfer initiation at origin of transfer (oriT) 
and mating pair apparatus formation (Zatyka and Thomas, 1998; Grohmann et al., 
2003; Binli et al., 2008). However, a large group of plasmids frequently lack genes for 
the mating pair apparatus, but might be co-transfen-ed (non self-transmissible but 
mobilizable) via a mating apparatus provided by a self-transmissible plasmid, as they 
also contain their own oriT and genes for conjugal DNA processing. Conjugation 
systems were emphasized (on one hand) because of the prevalence and importance of 
antibiotic resistance plasmids, and on the other because of the ease in the 
manipulation of £. coli (Norman et al, 2010). Historically, the majority of molecular 
and biochemical understanding of the conjugative processes was derived from the 
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examination of F plasmid conjugation system in Escherichia coli (Mancliak et al, 
2002), today recognized as the F-like conjugation system (IncF I, II, III and IV 
group). Other conjugative plasmids that have been studied in detail are RP4, R388 
and Ti-pasmids (Pansegrau and Lanka, 1996; Zatyka and Thomas, 1998; Grohmann et 
al., 2003; Norman et al, 2010). Due to the high genetic homology among the IncP-1 
plasmids, it must be assumed that the transfer of other plasmids from this group is 
very similar to the transfer of RP4. Although these conjugative plasmids differ 
significantly in the organization of transfer genes, pilus type, etc., still share certain 
similarities to IncF plasmids (Llosa et al, 2002). 
Horizontal gene transfer in agricultural soils 
The exogenous isolation of mobile genetic element was applied to capture 
MGEs from soil and phytosphere microbial communities (Smalla and Sobecky, 
2002). Antibiotic resistance or mercury resistance was often used as selective markers 
to exogenously isolate conjugative plasmids from phytosphere of different crops (e.g. 
Lilley and Bailey, 1997; Malik et al., 2008) and from mercury-polluted soils (Smalla 
et al., 2006) in gram-negative plasmid recipients. Biodegradative genes encoded on 
MGEs were captured from soils treated with 2, 4-D, but not from untreated controls 
(Top et al., 1998). Two different cultivated-independent approaches were used to 
isolate naphthalene-catabolic genes from oil-contaminated soil in Japan (Ono et al., 
2007). One approach was the construction of broad-host-range cosmid metagenomic 
library. The other involved exogenous plasmid isolation. The cosmid clone was 
obtained that carried naphthalene-catabolic pathway operon for conversion of 
naphthalene to salicylate. The operon was similar to the corresponding operon on the 
IncP- 9 naphthalene-catabolic plasmid pDTGl. Using the exogenous approach the 
microbial soil community was mated with a Pseudomonas putida recipient. 
Transconjugants had acquired either a 200- or 80- kb plasmid containing all the 
naphthalene-catabolic genes for the complete degradation of naphthalene. Both 
plasmids belong to the IncP-9 incompitibility group, and the naphthalene catabolic 
genes are highly similar to those of other IncP-9 plasmids, namely, pDTGI and 
pSLX928-6 (Ono et al, 2007). 
Miyazaki and coworkers determined the nucleotide sequence of exogenously 
isolated plasmid pLBl involvled in y-hexachlorocyclohexane degradation (Miyazaki 
et al, 2006). pLBl was isolated from hexachlorocyclohexane-contaminated soil and 
transferred from Sphingobium japonicum to other alpha-proteobacterial strains by 
22 
conjugative transfer. Thus, pLBl may contribute to the dissemination of genes for y-
hexachlorocyclohexane degradation in agricultural soils (Miyazaki e( ai, 2006). 
Conjugative plasmids encoding multiple antibiotic resistance were captured 
from manure used for soil fertilization (Smalla et al, 2000; Heuer et ai, 2002, 2008; 
van Overbeck et al., 2002; Heuer and Smalla, 2007; Binh et al., 2007, 2008). van 
Elsas et al. (1998) isolated mobilizing plasmids from the rizoshpere of wheat plants 
by using microbial communities detached from the rhizosphere as donors in 
triparenatal matings. Plasmid pIP02 was isolated in Rabtonia eutropha on the basis 
of its mobilizing capacity. Replicon typing and plasmid sequencing showed that this 
45- kb cryptic plasmid was not related to any of the known broad-host-range plasmids 
e>:cept pSB102 (Schneiker et al, 2001). Sequencing of plant associated bacteria has 
revealed that many phytophathogenic and symbiotic bacteria harbor plasmids (Vivian 
et al, 2001; Zhao et al, 2005; Sundin, 2007; Grossman et al, 2008; Li et al, 2008a), 
pathogenicity or symbiosis (Arnold et al, 2003; Nakatsukasa et al, 2008), or 
integrons (Gustin et al, 1986; Szezepanowski et al, 2004; Gillings et al, 2005). 
Genotoxicity of wastewater 
Many studies have shown the presence of different mutagenic and 
carcinogenic compounds in wastewater, and epidemiological studies have highlighted 
some cancer hazard in populations using treated drinking water (Golfmopoulos et al, 
2003; Jolibois and Guerbet, 2004; Preeti et al, 2009; §ik et al, 2009; Gartiser et al, 
2010). These genotoxic substances are derived from industrial, agricultural and urban 
pollution, and also from the disinfection treatment used for drinking water production, 
particularly when water is obtained from surface sources and then chlorinated 
(Stumm, 1992; Kataoka et al, 2000; Umbuzeiro et al, 2004; Lah et al, 2005). 
Chlorination has long been used as a simple, effective and economic method for 
disinfection of water for drinking water purposes, but genotoxic products can be 
formed by the interaction of chlorine and organic components, such as fulvic and 
humic acids, which are naturally present in raw waters. The detection and chemical 
identification of the genotoxic compounds present in drinking water is considered an 
essential step to predict the effects of the consumption of this complex mixture on 
human health (Oguri et al, 1998; Jung-Hwan et al, 2008; Gartiser et al, 2010). 
The Salmonella assay can be a useful tool in the quantification of the 
genotoxic activity of those complex mixtures and the different responses of the 
several Salmonella strains can help in the identification of the classes of genotoxicants 
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present in the wastewater samples (Fatima and Ahmad, 2006; Preeti et al, 2009; 
Gartiser et al, 2010). The water samples must be concentrated, and proper extraction 
of the mutagenic compounds is required for both the chemical analysis and 
Salmonella test. Different strategies can be used to extract organic genotoxicants from 
water samples and the Amberlite XAD resins have been the most applied method 
(Chenon et al, 2003; Bull et al, 2006; Jung-Hwan et al, 2008; Siddique et al, 2010). 
The XAD resins allow the recovery of a wide range of chemicals and are very 
efficient to extract all the polar and the non polar chemicals potentially effective in 
toxicity and genotoxicity assays (Siddique and Ahmad, 2003; Chen and White, 2004; 
Aleem and Malik, 2005; Ansari and Malik, 2009a; Siddique et al, 2010). The blue 
rayon hanging method has also been used to concentrate mutagenic polycyclic 
compounds from freshwater and seawater (Kira et al, 1995; Kataoka et al, 2000). 
This method was employed to concentrate a new class of mutagens in River waters, 
the 2-phenylbenzotriazoles (PBTAs). These compounds are generated by cyclization 
of the azo bond of some dyes in a reductive environment after chlorination (Nukaya et 
al, 1997). Ohe et al. (2003) using the same hanging technique, analyzed Rivers from 
the US and Canada, and demonstrated positive results for the Salmonella assay, 
although with lower potencies than the ones observed in Japan. A study by Jolibois 
and Guerbet (2004), in which the genotoxicity of different wastewaters from Rouen 
area were evaluated with the SOS chromotest (on Escherichia coli PQ37) and the 
Salmonella fluctuation test on Salmonella typhimurium strains TA98, TAIOO and 
TA102 with or without metabolic activation and they reported that genotoxic risk was 
present in these wastewaters. 
Rehana et al (1995) used five different Salmonella tester strains to compare 
the mutagenic activity of water samples from four sites of the Ganga River, India, 
using the XAD resin extraction method and the liquid-liquid extraction method. 
Their samples showed extreme mutagenic activity for TA98 and TAIOO, both with 
and without S9 fraction. The maximum activity for each strain was > 10,000 revertants 
per liter. Siddiqui and Ahmad (2003) and Aleem and Malik (2003a) reported that 
TA98 (classified as extreme) was remarkably more responsive strain with XAD 
concentrated water extracts (River Yamuna, India) as compared to TAIOO (classified 
as high), both with and without 89 fraction. It was also reported that XAD 
concentrated water extracts were more mutagenic than liquid-liquid concentrated 
extracts. In their findings, water samples collected during the summer exhibited 
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higher mutagenic activity compared with other seasons, and water samples also 
contained oxidative (TA102) mutagens. This extreme mutagenic contamination of the 
River water is likely to be derived from a combination of domestic, municipal and 
industrial effluents noted at the sampling site. 
Vargas et al. (1993, 1995) observed extremely potent activity for TA98 
without metabolic activation among 100 non-concentrated samples collected from 
Car River, Brazil, and an area under the influence of a petrochemical industrial 
complex. The potency ranking was extreme for both TA98 and TAIOO, with and 
without metabolic activation. The highest value was more than 200,000 revertants per 
liter for TA98 in the absence of S9 fraction compared with 7000 revertants per liter in 
the presence of S9 fraction. The maximum value for TAIOO was more than 50,000 
revertants per liter and more than 10,000 revertants per liter in the absence of S9 
fraction and in the presence of S9 fraction, respectively. It was also reported that these 
non-concentrated samples lost their activity upon liquid-liquid extraction using 
dichloromethane. In turn, they suggested that volatile compounds were responsible for 
the mutagenicity that was lost in the liquid-liquid extraction. 
In a surface water quality monitoring program, Umbuzeiro et al. (2004) 
analyzed for 20 years in Sao Paulo State in Brazil demonstrated that 14% of 1007 
surface water samples showed positive mutagenic activity. Among the positive 
samples, a total of 81 samples were analyzed using a dose-response marmer. From 
those 81 samples, 9% were ranked as extreme for either TA98 or TAIOO (5400-
30,000 revertants per liter). In addition, the result showed that direct-acting mutagens 
induced frameshift mutations and S9 activated mutagens induced base substitution 
mutations. Their possible pollution sources were petrochemical industrial, oil spill and 
untreated domestic sludge. In a study of the Rio Tercero River (Cordova, Argentina) 
by Alzuet et al. (1996), the presence of S9 activated mutagens capable of causing base 
substitution and frameshift mutations was observed (without S9). Maximum activity 
was observed in TA98 with S9 fraction (8,550,000 revertants per liter), although 
moderate activity was found in TAIOO with S9 fraction (1000 revertants per liter). 
The region is a heavily industrialized and holds the main oil refinery in the country, 
several petrochemical industries, a rolling steel mill and a sulfuric acid plant. Previous 
studies have demonstrated the presence of polycyclic aromatic hydrocarbons in 
airborne particulate matters, surface waters and sediments collected in this study area 
(Catoggio et al, 1989; Colombo et al, 1989; Delistraty and Yokel, 2007). 
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In the early 1990s, Stahl (1991), De Flora et al. (1991) and Houk (1992) 
reviewed the genotoxic and/or carcinogenic hazards of natural waters, the marine 
environment, and industrial wastes and effluents, and demonstrated that genotoxic 
organic compounds can enter surface waters from a wide range of industrial and 
municipal sources. They also stressed the importance of bioassays to detect 
mutagenicity/genotoxicity arising from the ubiquity of genotoxic compounds in the 
environment and the necessity of the identification of the sources of contaminants. 
White and Rasmussen (1998) noted that volumetric emissions from municipal 
wastewater treatment plants in large urban centers often exceed 10^  per day. As a 
result, genotoxic loadings from municipal wastewater treatment facilities are often far 
greater than those of industrial facilities and there is a strong relationship between a 
measure of human activity (i.e., population) and surface water genotoxicity. Several 
researchers have reported that conventional wastewater purification processes do not 
effectively remove many chemical contaminants (Meier and Bishop, 1985; Matsui, 
1988; Claxton et al, 1998; Delistraty and Yokel, 2007). Other studies show a sharp 
rise in the mutagenicity/genotoxicity of water samples collected at sites downstream 
from wastewater treatment plants (Sakamoto and Hayatsu, 1990; Ohe et al., 1999, 
2004). Consequently, the increasing use of contaminated surface waters and an 
increase in the magnitude of the contamination pose a serious problem for the health 
and welfare of humans and indigenous aquatic biota. Thus, appropriate bioassays 
have been needed for evaluation of surface waters on potential hazard to human and 
the water environment (Ohe et al., 2004). 
Genotoxicity of soil 
Thousands of chemicals are released and find their way into the environment, 
i.e. air, land, groundwater and surface water, by industrial activity, agricultural 
practices, domestic activity etc. Numerous genotoxic compounds have been detected 
in both the particulate and gas phases of outdoor air, particularly in densely populated 
urban regions (White and Claxton, 2004). It was reported that some industries, e.g. 
pulp and paper mills, steel foundries and organic chemical manufacturing facilities, 
discharge wastes of noteworthy genotoxic potency (Houk, 1992). When improperly 
handled and disposed of, these industrial wastes and effluents also contaminate the 
soil with their genotoxic compounds. An abundance of chemicals are applied to 
agricultural land as fertilizers, pesticides and herbicides. Soil microflora may also 
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convert nongenotoxic compounds to genotoxic derivatives (Asita and Makhalemele, 
2008). 
Combustion of fossil fuels for power generation or transportation in industrial 
facilities, power plants and motor vehicles is thought to be a major source of these 
genotoxic compounds. In addition to the genotoxic compounds released directly into 
the environment by combustion process, some of these compounds are thought to be 
formed from primary combustion products via chemical and photochemical reaction 
in the outdoor environment (Natusch, 1978; Guo et al, 2008). Most of these 
atmospheric compounds eventually descend to the ground, and therefore the ground 
surface may be contaminated with these genotoxic compounds. 
Genotoxic compounds in soil may have an effect on human health in an 
exposed population through pathways such as inhalation of dust which contains these 
compounds, ingestion of plants that uptake the compounds from soil, and leaching of 
the compounds from soil to groundwater and surface water used as drinking water. 
Because of the complex chemical nature of soil, standard chemical analyses are 
limited in their ability to characterize the chemical composition of genotoxicants in 
soil t-o assess its potential genotoxicity. Bioassays, however, provide a means of 
assessing the toxicity of a complex mixture like soil without prior knowledge about its 
chemical composition. There are several reports on the genotoxicity of soil 
contaminated with chemicals originating from industrial sources. The contaminants of 
these soil samples varied widely, e.g. polychlorinated biphenyl (PCBs) (Donnelly et 
al, 1988; DeMarini et al, 1992; Cotelle et al, 1999), polycyclic aromatic 
hydrocarbons (PAHs) (Ehrlichmann et al, 2000), heavy metals (Cotelle et al, 1999; 
Wang et al, 1999; Ehrlichmann et al, 2000), pesticides (Vijayraghvan and 
Nagarajan, 1994), solvents, (Cotelle et al, 1999) munitions wastes, wood preserving 
wastes (Randerath et al, 1994; DeMarini et al, 1998). 
The Salmonella mutagenicity test is undoubtedly the most popular bioassay 
used in environmental mutagenesis research, particularly for the analysis of complex 
mixtures such as organic extracts of soil, air, and water (DeMarini et al, 1992, 1994; 
Claxton et al, 1997; Claxton and George, 2002; Aleem and Malik, 2003b; Ansari and 
Malik 2009b). The standard version of the assay, known as the plate incorporation 
assay, is a reverse mutation test that quantifies the frequency of reversion from 
histidine auxotroph to wild-type following 48 to 72 h incubation with the test 
substances (Ames et al, 1975). Several tester strains of Salmonella are available. 
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carrying a variety of his mutations. The most popular tester strains, TA98 and TAl 00, 
carry the hisD3052 and hisG46 alleles, respectively. These strains have been 
extensively employed for the detection of environmental mutagens including PAHs 
(Moller and Alfheim, 1980; Sugimura and Takayama, 1983; Sakai et al, 1985), 
nitroarenes (Sugimura and Takayama, 1983; Tokiwa and Ohnishi, 1986), aromatic 
annines (e.g., N containing heterocyclics) (DeMarini et al, 1995; Wakabayashi et ai, 
1995; Ohe et ai, 1997; 2004), S-containing heterocyclics (Pelroy et al., 1983; Marvin 
et al, 2000), and phenylbenzotriazoles (Oguri et ai, 1998). Although some of these 
compounds have noteworthy mutagenic activity on both TAIOO and TA98 (e.g., 
PAHs) (Sakai et al., 1985), several are known to have more potent frameshift activity 
(e.g., aromatic amines, phenybenzotriazoles, nitroarenes) (Sugimura and Takayama, 
1983; Wakabayashi et ai, 1995; Ohe et al., 1997; Oguri et ai, 1998). The majority of 
Salmonella mutagenicity data on soil extracts employed the standard plate 
incorporation version of the assay with Salmonella strains TA98 and/or TAIOO 
(Aleem and Malik, 2003b; Ansari and Malik, 2009b; Asya et al., 2009). Some 
researchers examining soil extracts have referred to potency expressed as net 
revertants perg dry soil as weighted activity (Donnelly et al., 1993, 1995; Garcia et 
ai, 2002, Aleem and Malik, 2003b; Ansari and Malik, 2009b). 
Ehrlichmann et al. (2000) evaluated genotoxicity of concentrated and 
nonconcentrated aqueous soil extracts from various soil samples using bacterial 
assays: the umu test with Salmonella typhimurium TA]535/pSK1002, the NM2009 
test with S. typhimurium NM2009 and the SOS Chromotest with Escherichia coli 
PQ37. The soil samples included sandy samples contaminated with mineral oil 
hydrocarbons, soil contaminated with explosives, e.g. 2,4,6-trinitrotoluene and other 
nitroaromatic compounds, a sandy soil sample contaminated with heavy metals, and 
soil taken from a coal mine and coking plant. Each sample was extracted with 
distilled water and less hydrophilic compounds in the aqueous extracts were 
concentrated with PAD-1 resin. The concentrated and nonconcentrated aqueous 
extracts from the samples contaminated with nitroaromatic compounds exhibited an 
extremely high genotoxic potential in all of the genotoxicity tests. 
Much of the soil mutagenicity literature is concerned with the identification of 
hazardous sites that may pose a mutagenic hazard to humans and indigenous fauna 
(Donnelly etal, 1993, 1995; Hughes etal, 1998), and the predominance of particular 
Salmonella strain activation combinations in the literature reflects their utility in this 
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regiard. This assertion is supported by numerous studies of organic extracts from soils 
contaminated with a wide range of pollutants (e.g., wood preserving wastes, 
petrochemical wastes, sewage sludge) that yielded little or no response on the base-
substitution strain TAIOO (e.g., (Davol et al, 1989; Donnelly et al, 1991; DeMarini 
et al, 1992; Wesp et al, 2000). Moreover, many of these studies have noted the 
presence of known frameshift mutagens such as nitroarenes and N-containing 
helerocyclics in soil extracts that show strong TA98 activity (Aprill et al, 1990; 
Wang et al, 1990; Barbee et al, 1992; Wesp et al, 2000). However, it should be 
noted that some studies, such as those that examined extracts of soils contaminated 
with munitions wastes (e.g., di- and trinitrotoluenes) and dintropyrenes (e.g., 1,3-, 1,6-
, and 1,8-dinitropyrene), also showed strong responses in Salmonella TAIOO 
(Watanabe et al, 2000, 2008). 
Pollution of the agricultural areas as a result of used agrochemicals turn into a 
global problem for contemporary mankind. The genotoxic compounds in soil can 
affect human health in various ways. Sustainable agriculture provides protection of 
the environment and requires a conversion period, during which no agrochemicals are 
used. Some agrochemicals can persist in the soil for several years, contaminating 
crops that are supposed to be chemical free (Courty et al.. 2008). 
Chapter II: 
General materials and methods 
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ChemicaJs/Biochemicals 
Acetic acid (glacial) 
Acetone 
Acetonitrile 
Agar powder 
Agarose 
Azide dextrose broth 
Ampicillin 
Biotin 
Cadmium chloride 
Chloroform 
Chromic chloride 
Citric acid monohydrate 
Cupric chloride 
DMSO 
EDTA 
EMB agar 
Ethanol 
Ethidium bromide 
Fluconazole 
Glucose 
/7-Hexane 
Histidine hydrochloride 
Hydrochloric acid 
Lambda DNA digested with EcoRI and Hind III 
Lead chloride 
Magnesium sulfate 
Mercuric chloride 
Methanol 
MR-VP broth 
Source 
Qualigens, India 
SRL, India 
SRL, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
SRL, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Hi Media, India 
Hi Media, India 
E.merck, Germany 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Hi Media, India 
Qualigens, India 
Genei, India 
Hi Media, India 
Qualigens, India 
Qualigens, India 
SRL, India 
Hi Media, India 
Nickel chloride 
Nitric acid 
Nitrofurantoin broth base 
Nutrient broth 
Perchloric acid 
Phenol (saturated) 
Potassium dichromate 
Potassium phosphate (dibasic) 
Sodium ammonium phosphate 
Sodium chloride 
Sodium dodecyl sulfate 
Sodium hydroxide 
Sodium pyrophosphate 
Triple sugar iron agar 
Tris.HCl 
Tween-80 
XAD-4 
XAD-8 
Zinc chloride 
Note: Chemicals which have not been included in the 
Qualigens, India 
Qualigens, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Qualigens, India 
Hi Media, India 
Merck, Germany 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Hi Media, India 
Hi Media, India 
SRL, India 
Hi Media, India 
Serva GmbH, Germany 
Serva GmbH, Germany 
Qualigens, India 
ist were of analytical grade. 
Bacteriological media 
Basal Medium (carbohydrate fermentation) (pH 6.8) 
Ammonium dihydrogen phosphate : lOg 
Potassium chloride : 0.2 g 
Magnesium sulfate : 0.2 g 
Phenol red (5% solution) : 0.7 ml 
Sugar :I.0% 
Distilled water :1000 ml 
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Medium for master plates 
SOX VB salt* 
40% glucose 
Histidine HCI.H2O (2 g/400 ml) 
0.5 mM biotin 
Ampicillin solution (8 mg/ml 0.02MNaOH) 
Tetracycline solution (8 mg/1 0.02 N HCl)* 
Agar 
Distilled water 
Tetracycline was added only for use with TA102 strain that 
20.0 ml 
50.0 ml 
10.0 ml 
6.0 ml 
3.15 ml 
0.25 ml 
15g 
910.0 ml 
is tetracycline resistant. 
Minimal medium (pH 7.2±0.2) 
Ammonium sulphate 
Dipotassium hydrogen orthophosphate 
Disodium hydrogen orthophosphate 
Calcium chloride 
Magnesium sulphate 
Copper sulphate 
Ferric chloride 
Sodium molybdate 
Distilled water 
:1.0g 
1.0 g 
1.0 g 
:0.1 g 
:0.01g 
: 0.04 g 
: 0.001 g 
: 0.002 g 
: 1000 ml 
Minimal glucose plates for mutagenicity assay 
50X VB salts 
40% glucose 
Agar 
Distilled water 
20 ml 
50 ml 
15g 
930 ml 
MR-VP broth (pH 6.9) 
Peptone 
Dextrose 
:7.0g 
:5.0g 
32 
Potassium phosphate 
Distilled water 
5.0 g 
1000 ml 
Nitrate broth (pH 7.2) 
Peptone 
Beef extract 
Potassium nitrate 
Distilled water 
5.0 g 
3.0 g 
5.0 g 
1000 ml 
Nutrient agar (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
A ear 
Distilled water 
5.0 g 
1.5 g 
1.5 g 
5.0 g 
15g 
1000 nil 
Nutrient broth (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Distilled water 
5.0 g 
1.5g 
1.5 g 
5.0 g 
1000 ml 
Nutrient gelatin (pH 6.8) 
Peptone 
Beef extract 
Gelatin 
Distilled water 
5.0 g 
3.0 g 
120 g 
1000 ml 
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Pseudomonas isolation agar (pH 7.2) 
Peptic digest of animal tissue 
Magnesium chloride 
Potassium sulfate 
Irgasan 
Glycerol 
Agar 
Distilled water 
20 g 
1.4 g 
lOg 
0.025 g 
20 ml 
13.6 g 
1000 ml 
Simmon citrate agar (pH 6.8) 
Ammonium hydrogen phosphate 
Dipotassium phosphate 
Sodium chloride 
Sodium citrate 
Magnesium sulfate 
Bromothymol blue 
Agar 
Distilled water 
1.0 g 
1.0 g 
5.0 g 
2.0 g 
0.2 g 
0.08 g 
15g 
000 ml 
Soft agar (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
1.5 g 
1.5 g 
5.0 g 
7.0 g 
1000 ml 
Starch agar (pH 6.9) 
Peptone 
Beef extract 
Starch 
5.0 g 
3.0 g 
2.0 g 
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Agar 
Distilled water 
15g 
1000 ml 
S9 mix (rat liver microsomal enzymes + cofactors) 
Rat liver S9 (arocolor 1254 induced) 
MgCl2-KCI salts 
1 M glucose-6-phosphate 
O.I MNADP 
0.2 M phosphate buffer, pH 7.4 
Distilled water 
2 ml 
1.0 ml 
0.25 ml 
2.0 ml 
25.0 ml 
19.75 ml 
Top agar for mutagenicity assay 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
6.0 g 
100 ml 
0.5 mM histidine/Biotin solution (10 ml) was added to 100 ml top agar. 
Triple sugar iron agar (pH 7.4) 
Peptone 
Tryptone 
Yeast extract 
Beef extract 
Lactose 
Saccharose 
Agar 
Distilled water 
lOg 
lOg 
3.0 g 
3.0 g 
lOg 
lOg 
15g 
1000 ml 
Trj'ptone broth 
Tryptone 
Sodium chloride 
Distilled water 
lOg 
5.0 g 
1000 ml 
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Vogel bonner medium E (SOX) 
Magnesium sulfate 
Citric acid monohydrate 
Potassium phosphate (anhydrous) 
Sodium ammonium phosphate 
Distilled water 
lOg 
100 g 
500 g 
175 g 
670 ml 
Staining reagents 
Crystal violet 
Solution A 
Crystal violet (90% dye content) 
Ethyl alcohol (95%) 
Solution B 
Ammonium oxalate 
Distilled water 
2.0 g 
20.0 ml 
0.8 g 
80 ml 
Gram's Iodine 
Iodine 
Potassium iodide 
Distilled water 
l.Og 
2.0 g 
300 ml 
Safranin 
Safranin 0 (2.5% solution in 95% ethyl alcohol) 
Distilled water 
10 ml 
100 ml 
Biochemical test reagents 
Barritt's reagent 
Solution A 
a-napthol 
Ethanol (absolute) 
5.0 g 
95 ml 
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Solution B 
Potassium hydroxide : 40 g 
Creatine : 0.3 g 
Distilled water : 100 ml 
Diphenylamine indicator 
Diphenylamine : 0.5 g 
Concentrated H2SO4 ; 100 ml 
Distilled water : 20 ml 
Ferrous ammonium sulfate (0.4 N) 
Ferrous ammonium sulfate : 156.8 g 
Concentrated H2SO4 : 14 ml 
Distilled water : 1000 ml 
Hydrogen peroxide reagent 
Hydrogen peroxide : 3% 
Kovac's reagent 
p-Dimethylaminobenzaldehyde : 5.0 g 
Amyl alcohol : 75 ml 
Hydrochloric acid (concentrated) : 25 ml 
Methyl red solution 
Methyl red :0.1g 
Ethyl alcohol (95%) : 300 ml 
Distilled water : 200 ml 
Nitrate test solutions 
Solution A 
Sulphanilicacid : 8.0 g 
37 
Acetic acid (5N) : 1000 ml 
Solution B 
a-Naphthylamine : 5.0 g 
Acetic acid (5N) : 1000 ml 
Oxidase reagent 
p-aminodimethylaniline oxalate : 0.5 g 
Distilled water : 50 ml 
Solutions and buffers 
Glucose solution (40%) 
Glucose : 40 g 
Distilled water : 100 ml 
Histidine/Biotin solution for mutagenicity assay (0.5 mM) 
D-Biotin : 30.0 mg 
L-Histidine HCl : 24.0 mg 
Distilled water ; 250 ml 
Lysing solution (pH 12.6) 
SDS : 0.25% 
NaOH : 50 mM 
Magnesium sulfate solution (0.01 M, pH 8.5) 
N4agnesium sulfate : 2.4 g 
Distilled water :1000 ml 
Marker dye 
Glycerol : 50% 
Bromophenol blue : 0.05% 
EDTA : 40 mM 
Normal saline solution (NSS) 
Sodium chloride 
Distilled water 
TAE buffer (lOX, pH 8.0) 
Tris.HCl 
Acetic acid (glacial) 
0.5 M EDTA 
TE (pH 8.0) 
Tris.HCl 
EDTA 
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0.85 g 
100ml 
48.4 g 
11.4 ml 
20 ml 
10 mM 
1 mM 
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Sample collection 
Composite wastewater samples were collected from Chihnat industrial area, 
Lucknow U.P. India near pesticide industry from May 2007 to June 2010 and transported 
to the laboratory as described in standard methods (Singh et ah, 1987; APHA, 1995). 
Figure 1. Drain receiving industrial wastewater, Chinhat industrial estate, 
Lucknow, India 
Composite soil samples were collected at 15 cm depth from different agricultural 
fields near the industrial area which had continuously been irrigated with wastewater 
disciirded from the factories for about more than two decades. For each field, 1 kg of soil 
from four different sites at around 50 m distance from each other was collected and 4 kg 
composite samples were prepared. Samples were transported and stored at 4°C. 
Bacterial strains and Plasmids 
Bacterial strains used in this study are listed in Table 1. The E. coli strains 
harboring the target plasmids were cultured on LB agar plates with the respective 
antibiotics. E. faecalis OGIX (pMV158) was cultured in Brain Heart Infusion medium 
(Hi Media Laboratories, Mumbai, India) supplemented with 4 ng/ml tetracycline. Prior to 
PCR, 100 i^l of overnight cultures of the E. coli sfrains were cenfrifuged at 10,000 rpm 
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for 2 mill. Pellet was resuspended in 20^1 lysis buffer (50 mM NaOH, 0.25% SDS) and 
incubated at 94°C for 20 min. 1: 10 dilution was applied to the PCR. An E. faecalis 
OGIX (pMV158) colony was submitted to alkaline lysis at 95°C prior to PCR 
(Sambrook et al 1989). PCR amplification was carried out with the primers listed in 
Table 2 as described in Gotz et al (1996) and in Alexandrine (2006). 
Escherichia coli HMS {recA, F , WsdR, (rk' mk"*" rif ^), (courtesy of M. Espinosa, 
CSIC, Spain) was cultured in LB medium supplemented with 100 |ig /ml per plate 
rifampicin and used as recipient in the biparental mating. 
The characteristics of^ Salmonella typhimurium and Escherichia coli K-12 are 
given in Table 3. The Salmonella typhimurium (a kind gift of Prof T. Nohmi, Division of 
Genetics and Mutagenesis, National Institute of Health Sciences, Tokyo, Japan) strains 
were maintained in frozen stocks and grown as described by Maron and Ames (1983). 
Each strain was tested on the basis of associated genetic markers raising it from a single 
colony from the master plate (Maron and Ames 1983). The bacterial strains of £. coli K-
12 were always plated on nutrient broth containing 1.5% (w/v) agar. Bacteriophage A. was 
obtained from Prof Gall E. Christie, Department of Microbiology and Immunology, 
Virginia Commonwealth University, Richmond, USA. 
Preparation of S9 (mammalian liver microsomal fraction) 
Preparation of rat liver microsomal fraction was done according to the method of 
Garner et al (1972). Albino rats weighing approximately 200 g were induced with 
arochlor 1254. 
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Table 1. Bacteria used in the study 
Strain Plasmids Plasmid incompatibility 
group/replication type 
Source 
Escherichia coli SCS1 RP4 
Escherichia coli 
JM109 
pULB2432 
Escherichia coli DH5a R388 
Escherichia coli JE723 pJE723 
Enterococcus faecalis pMV158 
OGIX 
IncP 
IncN 
IncW 
IncQ 
rolling cricle 
Lanka, E., Max-Planck-Institut ft3r 
Molekulare Genetik, Berlin, Germany 
Couturier, M., Universite Libre de 
Bruxelles, Faculte de Sciences 
Genetique des Procaryotes, Brussels 
Belgium 
Cruz, de la, F., Universidad de 
Cantabria, Departamento de Biologic 
Molecular, Santander, Spain 
Lanka, E., Max-Planck-Institut flir 
Molekulare Genetik, Berlin, Germany 
Espinosa, M., Centro de 
Investigaciones Biologicas, Madrid, 
Spain 
Table 2. PCR primers used, target and PCR product size 
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Primers 
trfA2 
IncPor/7' 
IncWonT 
IncNre/7 
IncQor/F 
IncQor/r 
pMV158 
oriT 
Sequence 
fw: 5'-cgaaattcrtrtgggagaagta-3' 
rv: 5'-cgyttgcaatgcaccaggtc-3' 
fw: 5'-cagcctcgcagagcaggat-3' 
rv: 5'-cagccgggcaggataggtgaagt-3' 
fw: 5'-tctgcatcattgtagcacc-3' 
rv: 5 '-ccgtagtgttactgtagtgg-3' 
fw: 5'-agttcaccacctactcgctccg-3' 
rv: 5'-caagttcttctgttgggattccg-3' 
fw: 5 '-ctcccgtactaactgtcacg-3' 
rv: 5'-atcgaccgagacaggccctgc-3' 
fw: 5 '-ttcgcgctcgttgttcttcgagc-3' 
rv: 5'-gccgttaggccagtttctcg-3' 
fw: 5 '-ctacctgtcccttgctgat-3' 
rv: 5'-gcagtgccgaccaaaacc-3' 
Annealing 
temp. (»C) 
57 
57 
51 
55 
57 
57 
55 
Target 
site/gene 
replication 
protein 
origin of 
transfer 
origin of 
transfer 
replication 
protein 
origin of 
replication 
origin of 
transfer 
origin of 
transfer 
Product 
size (bp) 
241 
110 
317 
164 
436 
191 
142 
Reference 
Gotz 
1996 
Gotz 
1996 
Gotz 
1996 
Gotz 
1996 
Gotz 
1996 
Gotz 
1996 
el al. 
et al. 
et al. 
et al. 
et al. 
et al. 
Alexandrino 
2006 
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Table 3. Characteristics ol Salmonella typhimurium and E. coll K-12 strains 
Strain 
Designation 
Relevant genetic markers Source 
Ames Tester Strains 
TA97a uvrB, hisD661, bio, rfa, R-factor plasmid-pkMlOl 
frame shift mutation at G-C site 
TA98 uvrB, hisD3052, bio, rfa, R-factor plasmid-pkMlO 
frame shift mutation at G-C site 
TAIOO uwB, hisG46, bio, rfa, R-factor plasmid-pkMlOl, T.Nohmi 
base pair substitution mutation at G-C site 
TA102 rfa, R-factor plasmid-pkMlOl, multicopy plasmid T.Nohmi 
paQl containing hisG428 auxotrophic marker and 
Tet'^ , transition mutation at A-T site 
TA104 uvrB, hisG428, rfa, R-factor plasmid-pkMlOl, T.Nohmi 
transition mutation at A-T site 
T. Nohmi 
National Institute of 
Hygienic Sciences, 
Division of Genetics and 
Mutagenesis, Tokyo Japan 
T. Nohmi 
Escherichia coll K-12 Strains 
AB1157 thi-largES, thr-1, leuB6, proA2, hisG4, lacYl, F 
Str^ X' 
AB2463 recA13,thi-l,argE3, thr-1, leuB6, proA2, hisG4, F" 
Str^ X' 
AB2494 lexAlS, thi-1, leuB6, proA2, hisG4, metB, lacYl, F, 
Str^ X' 
KL400 thi-1, lex86, proC32, hisF860, lac736, molA38, 
ara-14,xyl-5, mtl-1, strA109, spe-15 
KL403 polAl, ara-14, lex86, lac2236, proC32, hisF860, 
ThyA54, RspE2115, rsp2109, malA38, xyl-5, mtl-1 
Berlyn, M.K.B. 
E. coli Genetic Stock 
Center, MCD Biology 
Department, Yale 
University, New Haven, 
USA 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Chapter HI: 
Characterization ofconjugative 
plasmids in pesticide tolerant and 
multi-resistant bacteria 
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Introduction 
The tremendous increase of the population in the world causes higher demand 
of food, consequently it has led to sustainability of food production through 
improvement of agriculture with advanced agricultural technology (Chowdhary et al., 
2008). Organochlorine (OC) pesticides are highly persistent organic pollutants (POPs) 
that have been identified in diverse environmental matrices worldwide. The major 
environmental concern arising from pesticide use is the capacity of pesticides to leach 
from soil and contaminate water resources. Due to continuous use of pesticides, high 
amount of pesticides and their degradation products may accumulate in the soil 
ecosystem. Microbes and plants are among the most important biological agents that 
remove and degrade waste materials to enable their recycling in the environment. Soil 
microflora, mainly bacteria, fungi, algae and protozoa make a valuable contribution in 
making the soil fertile through their primary catabolic role in the degradation of plant 
and animal residues in the cycling of organic and inorganic nutrients in soil. Pesticides 
that disrupt the activities of soil microorganisms might affect the nutritional quality of 
soils and would therefore have serious ecological consequences (Handa et al, 1999). 
Microorganisms play-a significant role in the metabolism of organochlorine pesticides. 
However, the persistence of a number of organochlorine insecticides in soil and water 
for very long periods has been reported (Martijn et al, 1993; Nawab et al, 2003; 
Bhagobaty et al., 2007). The first bacterial strain found to degrade four isomers of 
HCH was a Pseudomonas sp. which was isolated from sugarcane fields in India (Sahu 
et al, 1990; Lai et al, 2007). Adverse effects of the pesticide chemicals on the soil 
microorganisms may affect the soil fertility. An ideal pesticide is one that is toxic only 
to targeted organisms and has least adverse effects on other flora and fauna as well as is 
biodegradable hence posing no threat to ecosystem functioning. Hence more attention 
is being paid on efficacy of pesticides in terms of pest control, mobility and toxicity to 
non target organisms (Hafez and Theimann, 2003). 
Broad-host-range plasmids are model systems for exploring replication 
mechanisms in diverse bacterial species and can extend our understanding of universal 
rules guiding DNA metabolism. Conjugative transfer is one of the most important 
mechanisms of gene transfer in the environment and resistance genes may transfer by 
this method. Plasmid an extra chromosomal part of the DNA plays an important role in 
these gene transfer mechanism. Conjugative plasmids are prevalent in polluted 
environments and have important role in the conjugative systems in particular broad-
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host-range (BHR) plasmids which facihtate transfer (genes) among genera, phyla and 
domains (Thomas, 2000; Binh et ai, 2008). In many studies, PCR-based detection of 
conjugative plasmids (Gotz et al, 1996; Smalla et al., 2000, 2006; Binh et al, 2008; 
Malik et al, 2008; Bahl et al, 2009) or hybridization with replicon-specific probes 
(Ansari et al, 2008; Malik et al, 2008) have been reported. 
Bacterial plasmids of the incompatibility group P (IncP) are distinguished by 
their extraordinary broad-host-range. IncP group plasmids are conjugative plasmids, 
also involved in the degradation of pesticides (Datta and Hedges, 1983; Shintani et al, 
2007). Conjugative transfer of bacterial plasmids is the most efficient way of horizontal 
gene spread, and it is therefore considered one of the major reasons for the increase in 
the number of bacteria exhibiting multiple-antibiotic resistance (Grohmann et al, 2003; 
Smalla et al, 2006; Binh et al, 2008). Plasmids provide their host with a large array of 
phenotypes; such as antibiotic or heavy metal resistance (Silver, 1996; Aleem et al, 
2003; Malik et al, 2008). Plasmids also enable their hosts to degrade recalcitrant 
compounds and to use them as a carbon source (Nawab et al, 2003). 
The present study has been undertaken to investigate heavy metal and antibiotic 
resistance in pesticide tolerant Gram negative bacteria isolated from contaminated soils 
near a pesticide industry, Lucknow, UP (India) and to detect potentially conjugative 
plasmids by PCR and dot blot hybridization. We also focused on the detection of 
plasmid-specific sequences from prevalent Inc groups in pesticide tolerant and multiple 
metal and multiple antibiotic resistant (MMR and MAR) bacterial isolates from 
contaminated alluvial soils. 
Materials and methods 
Sample collection 
Soil samples were collected as described earlier (Chapter II: General materials 
and methods). 
Physical characterization of the soil 
Physical characteristics of the soil like texture, pH, water content and organic 
carbon content were determined as described in Gupta (2004). 
Assessment of pesticides and heavy metals in contaminated soil 
Extraction of pesticides from soil was done according to the method described 
by Gan et al (1999). Soil (10 g) was shaken vigorously with 20 ml of methanol: water 
(4:1, v/v) for 1 h. The mixture was centrifuged at 10,000 rpm (8940 x g) for 15 min and 
the supernatant was decanted. This procedure was repeated twice and the volume of the 
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extract was reduced to ~ 15 ml using a rotary evaporator at 40°C. The aqueous sample 
was then acidified to pH~l with HCl and partitioned three times with chloroform (30 
ml), (HPLC-grade) using a separatory funnel. The organic phases were again 
evaporated near to dryness and then redissolved in 1 ml of «-hexane (HPLC-grade) and 
finally analyzed by gas chromatography. Standard solutions were prepared according to 
the method of Singh et al. (1987) and stored at -20°C. They were filtered through 0.45 
|im membrane filters before use. Analyses of extracts for the detection of pesticides 
were performed as described by Ansari and Malik (2009b), while the analysis of Heavy 
metal of soil samples were carried out as described by Aief and Nannipieri (1995). The 
soil samples were oven dried (40°C) and burnt to ashes in a crucible. Ashes of 1 g of 
soil sample were moistened with 1 ml of double-distilled water. Then HCl and HNO3 
were successively added in 3:1 rafio. Digested soil samples were analyzed for heavy 
metals by atomic absorption spectrophotometer (GBC 932 Plus, Australia). 
Isolation of pesticide tolerant bacteria from the contaminated soil 
Isolation of pesticide tolerant bacteria from soil was done according to the 
method described by Nawab et al. (2003). Bacterial colonies were characterized on the 
basis of morphological, cultural and biochemical characteristics (Collins and Lyne, 
1987). 
Determination of Minimum Inhibitory Concentrations (MIC) of pesticides 
Tolerance of bacteria to pesticides (lindane, endosulfan, chlorpyriphos, 
monocrotophos, captan and folpet) was studied by the method described by Shafiani 
and Malik (2003). All the pesticides used were of technical grade and obtained from 
Agrichemical division, Indian Agricultural Research Institute, Pusa, New Delhi, India. 
Stock solutions of pesticides were prepared in the appropriate solvents and amended 
plates were prepared by adding to the different concentrations of pesticides in same 
mineral salt agar medium (each plate contains different pesticides) from 5 to 6400 
(j.g/ml and spot inoculated with approximately 3x10^ bacterial cells (fresh culture) 
corresponding to 10 )il culture. Then plates were incubated for 96 h at 35°C. A control 
experiment (same mineral salt agar medium without pesticide only containing the 
respective solvent) was run simultaneously. The lowest concentration of the pesticide 
inliibiting the growth of the microorganism was considered as MIC. 
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Determination of Minimum Inhibitory Concentrations (MIC) of heavj' metals 
MIC of metals for each pesticide tolerant bacteria were determined by the plate 
dilution method. Analytical grades Ni^ ,^ Cd^ ,^ Cu^^ Cr^ ,^ Pb^*, and Hg^^of metal salts 
(NiCl2, CdCb, CUSO4.2H2O, , CrCl3.6 H2O, PbCb, and HgCh) were used to prepare 
0.125 M stock solutions. Each stock solution was filter- sterilized and added to tris-
buffered low-phosphate agar (TBLPA) medium (Mergeay et al, 1985) in varying 
concentrations ranging from 3.12 to 3200 |ig/ml per plate. Cultures were grown in tris 
minimal broth and then 10 |al of each of the cultures approximately 3x10^ cells (fresh 
culture) were spot inoculated into metal salt-containing TBLPA plates and incubated 
for 96 h at 35°C. The lowest concentration of the metal inhibiting the growth of 
bacteria was considered as MIC. 
Antibiotic sensitivity test 
All the bacterial isolates were tested for sensitivity to antimicrobial agents by 
means of the disc diffusion method (Bauer et al, 1966). The following antibiotics (all 
from Hi-media, Mumbai, India) were used. Concentrations of the antibiotics are given 
in fjg/disk. Abbreviations and concentrations of the respective antibiotics are given in 
parentheses: ampicillin (A 25 |ig), amoxicillin (Am 30 |ig), cefaclor (Cj 30), 
ciprofloxacin (Cf 30 |ig), cloxacillin (Cx 30 \xg), chloramphenicol (C 25 fig), co-
trimoxazole (Co 25 |ag), doxycycline (Do 30 |ig), erythromycin (E 15 (ig), gentamicin 
(G 30 |ig), kanamycin (K 30 \x.g), methicillin (M 30 ^g), nalidixic acid (Na 30 |ig), 
neomycin (N 30 jig), nitrofurantoin (Nf 30 jug), polymyxin B (Pb 30 ^g), rifampicin (R 
30 fig), streptomycin (S 10 |ig), sulfadiazine (Sz 30 |ig) and tetracycline (T 30 |ig). 
16S rDNA sequencing 
The identification of isolates was done by 16S rDNA analysis using 
the primers 27f (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492r (5'-
GGTTACCTTGTTACGACTT-3'). Sequence was initially analyzed at NCBI server 
(http://www.ncbi.nlm.nih.gov) using BLAST (n) program and corresponding sequences 
were downloaded. 
Soil DNA extraction and bacterial cell lysate preparation 
Total community DNA was directly extracted from soil with the Fast DNA spin 
kit for soil applying mechanical disruption of the cells as described by the manufacturer 
(Qbiogene, Carlsbad, CA). Cell lysis by this kit proved to be superior to other lysis 
procedures as tested in the author's laboratory on various environmental samples, e.g. 
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with the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) (Alexandrino et al, 
2004). The isolated total DNA was applied to PCR analysis. 
Prior to PCR 100 \i\ of overnight cultures of the bacterial isolates were 
centrifuged at 10,000 rpm for 2 min. Pellet was resuspended in 2Q\x\ lysis buffer and 
incubated at 94°C for 20 min. 1:10 dilution was applied to the PCR. 
Plajimid-specific PCR on total DNA isolated from soil and bacterial isolates 
Oligonucleotide primers to amplify plasmid backbone regions related to 
replication (IncP trfA2, IncN rep and pMV158 oriV) and transfer (IncP oriT and IncW 
oriT) are published in Gotz et al. (1996), and the pMV158 or/T primers in Alexandrino 
(2006). PCRs were performed in a 50 |il reaction mixture containing 5 \i\ lOx buffer 
(Sigma-Aldrich, Bangalore, India), 1 |il of each dNTP (10 mM), 3.75 mM MgCb 
(except for IncQ oriT, 4.75 mM), 2 \i\ of each primer (20 pmol/^il) and 2.5 U Taq 
DNA polymerase (Sigma-Aldrich, Bangalore, India). The amplification program 
consisted of the following steps: 94°C for 5 min, followed by 35 cycles of amplification 
divided in 1 min of denaturation at 94°C, 1 min of primer annealing at the temperature 
according to Table 2 in chapter II and 1 min of primer extension at 72°C, followed by a 
10 min final extension step at 72°C and were carried out in a Primus 96 Thermocycler 
(PEQ LAB, Biotechnologie Gmbh, Germany). For labelling with DIG, PCR products 
were purified with the Wizard SV Gel and PCR Clean-Up System (Promega, 
Mamiheim, Germany). The DIG labelling of the purified PCR products was carried out 
with the PCR DIG probe synthesis kit (Roche, Mannheim, Germany). For product size 
confirmation and yield estimation 10 \i\ of the PCR products were loaded onto 1.5% 
agarose gels, submitted to electrophoresis for 3 h at 80 V and stained with ethidium 
bromide. 
Dot Blot 
Dot blots of the amplified PCR products were carried out according to the DIG 
System User's Guide for Filter Hybridizafion (Roche, Mannheim, Germany). 20 \x\ of 
PCR product was boiled for 10 min and then 1 ^ il of each PCR product was dotted on a 
Hybond-N"^  membrane (Roche, Mannheim, Germany). DNA was fixed to the 
membrane by baking at 120°C for 30 min. For hybridization a DIG-labelled DNA 
probe specific for trfA2 (241 bp) and IncP onT (110 bp), IncW oriT (317 bp), IncN rep 
(164 bp), IncQ onT (436 bp), IncQ onT(191 bp), and pMV158 oriT (142 bp) was 
used, respectively. 
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The chemiluminescent detection of the DIG labelled DNA hybrids was 
performed with the DIG Luminescent Detection Kit (Roche, Mannheim, Germany) and 
CSPD (3-(4-methoxyspiro{l,2-dioxetane - 3, 2'-(5'-chloro)tricycle [3.3.3.1. '^^ ] decan}-
4-yi) phenyl phosphate. The membrane was exposed to a high performance 
chemiluminescence film (Amersham Biosciences, Freiburg, Germany) and the X-ray 
film was developed. 
Isolation of plasmid DNA 
The plasmid DNA was isolated using alkaline lysis method as described by 
Birnboim and Doly (1979) and also by Qiagen Kit. The isolated plasmids were 
characterized by agarose gel electrophoresis according to the standard procedure 
(Sambrook et al., 1989). Gels were photographed using gel documentation system. 
Conjugation 
Biparental filter mating method was employed for the conjugation using highly 
pesticide tolerant/metal and antibiotic resistant bacterial isolates from contaminated soil 
as donor and E. coli HMS strain as a recipient strain as described by Smalla et al. 
(2000). Transfer frequency was calculated as follows: 
Frequency of transfer = Number of transconiugants at appropriate dilution 
Number of recipient at appropriate dilution 
Results 
Soil characteristics and bacterial identification 
The soil of the agricultural fields near the pesticide industry in Chinhat, 
Lucknow, UP (India) is of alluvial type. The soil texture analysis showed it to be a 
loamy soil having a pH 7.6±0.15. Total organic carbon of soil was 0.96% (mean of 
three replicates). Water holding capacity (WHC) of the soil sample was 0.73±0.01 
ml/mg. Nitrogen and Phosphorous content in the soil samples were 0.74±0.01 g/kg and 
0.14±0.01 g/kg respectively. The 16S rDNA sequences of the bacterial isolates 
(WR7,WR17,WR19,WR21,WR22,WR24,WR33 and WR35) were compared with 
those available in the NCBI Database and WR7, WR17, WR19, WR21, WR22, WR24, 
WR33 and WR35 strains were found to be most similar to Pseudomonas aeruginosa 
(accession no.GQ922652), Pseudomonas aeruginosa (accession no.GU384325), 
Pseudomonas sp.GSB (accession no.GU384329), Pseudomonas sp.M9J918 (accession 
no.GU384328), Citrobacter sp. Azor-5 (accession no.GU384326), Pseudomonas sp.CL-
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3 (accession no.384327), Acinetobacter Iwoffii (accession no.GU384330) and 
Enterohacter radicinitans (accession no. GU384332) respectively. 
Detection of organochlorine pesticides and heavy metals in contaminated soil 
Gas chromatography analysis of the soil samples revealed the presence of a 
high level of organochlorine pesticides. The concentration of lindane in the test samples 
was 547 ng/g, while a- endosulfan and (3- endosulfan were detected at concentrations 
of 422 ng/g and 421 ng/g respectively. Atomic absorption spectrophotometric analysis 
of the test samples revealed the presence of heavy metals Cr, Zn, Ni, Fe, Cu and Cd at 
the concentration of 36.2 |ag/g, 42.5 ^g/g, 43.2 |ig/g, 241 ^g/g, 13.3 i^g/g and 11.20 
lig/g of soil respectively (Tablel). 
Defection of pesticide tolerance and heavy metal resistance in bacteria 
More than 100 bacterial colonies were picked randomly from minimal agar 
plates supplemented with different pesticides and finally 35 isolates were selected for 
further study. Minimum inhibitory concentration (MIC) of each isolate was determined 
for pesticides and heavy metals. A maximum MIC of 3200 ng/ml was observed for the 
pesticides lindane, endosulfan, chlorpyriphos, monocrotophos and captan, whereas 
1600 i^ g/ml was observed for folpet. All pesticide tolerant bacteria were also tested for 
their resistance to heavy metals (Cd, Zn, Pb, Ni, Cu and Cr). Maximum MICs for heavy 
metals were 100 p.g/ml for Hg, 800 |ag/ml for Cr, 400 jig/ml for Ni, Cu and Cd, and 
3200 [ig/ml was measured for Pb as shown in Table 2. 
Patterns of pesticide tolerance and metal resistance of the bacterial isolates are 
presented in Table 3. The majority of the bacterial isolates were tolerant/resistant to one 
or more pesticides/heavy metals. Out of 35 bacteria tested, 8.5% of the isolates were 
tolerant to two pesticides in three different combinations, while 12.3% of the isolates 
were resistant to two metals in two different combinations. 25.7% of the isolates were 
tolerant to four pesticides in four different combinations, whereas 14.2% of the isolates 
were tolerant to five pesticides and five heavy metals in four different combinations. 
Antibiotic resistance in pesticide tolerant/metal resistant bacterial isolates 
Majority of the pesticide tolerant isolates were also resistant to one or more 
antibiotics. 37.1% were resistant to two different antibiotics in four different 
combinations, whereas 11.4% were resistant to three different antibiotics in three 
different combinations. 8.5% were resistant to six antibiotics in three different 
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combinations and 5.7% were resistant to seven antibiotics in two different 
combinations (Table 4). 
Detection of IncP plasmids in pesticide tolerant and multi-metal resistant bacterial 
isolates 
Out of 35 bacteria, the DNA derived from highly pesticide tolerant/metal 
resistant and antibiotic resistant bacteria was PCR-amplified with Inc-specific primers 
for IncP, IncN, IncW, IncQ-type plasmids and for pMV158-type rolling circle plasmids 
and analyzed by dot blot hybridization (Table 5). Two sets of primers for IncP specific 
sequences {trfA2 and oriTincp) and IncQ specific sequences (or/TincQ and oriV), one 
primer set for an IncN specific gene (rep) and an IncW-specific sequence (orzTincw) 
were used for the amplification. Total community DNA from soil was also isolated, 
PCR-amplified with the same primer pairs and analyzed by dot blot hybridization. The 
highly tolerant/resistant bacterial isolates and total soil DNA gave PCR products with 
the IncP-specific primer system {trfA2 and oriT), while all the other plasmid-specific 
PCRs (IncN, IncW, IncQ and pMV158-type) were negative (Fig la. Fig lb and Fig 3). 
The PCR products also hybridized with the RP4-derived probes for trfA2 and oriT, 
shown in the dot blots (Fig 2a and 2b). Only IncP {trfA2 and oriJ) group-specific PCR 
products were detected by dot blot hybridization in test samples. 
Plasmid isolation 
Plasmid DNA was isolated using alkaline lysis method and Qiagen miniprep 
kit from multi-resistant bacterial isolates. It was found that bacterial isolates WR7, 
WR17, WR19, WR21, WR22, WR24, WR33 and WR35 from soil harbor one or more 
plasmids (Fig 4). 
Biparental filter mating 
Conjugation in biparental matings with bacterial isolates WR19, WR21, WR33 
and WR35 as donor and rifampicin resistant Escherichia coli HMS as recipient was 
carried for the selection of ampicillin (100 |ig/ml) resistant transconjugants. 
Transconjugants were picked up from mineral salt agar (MSA) plates with ampicillin 
(100 ng/ml) supplemented with pesticide (y-HCH) as a sole carbon source. The 
frequency of gene transfer of ampicillin resistant transconjugants with donor strains 
WR21, WR19, WR33 and WR35 were 5.45 x 10,"^  4.33 x 10,"^  6.35 x 10"^  and 3.56 x 
10'^  respectively. 
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Discussion 
Organochlorine pesticides (OCs) are used extensively for the control of 
agricultural pests and vector-borne disease. So these pesticides have been a major 
environmental issue due to their bioaccumulation potential, persistence and toxicity. 
Pesticides especially DDT, HCH, aldrin and dieldrin have been banned or restricted in 
several countries including India (Prakash et al., 2004; Ansari and Malik, 2009b). The 
present study has been conducted on pesticide contaminated soil near the IPL (India 
Pesticide Limited) located at Chinhat Industrial Estate around 20 km from Lucknow 
City, in Uttar Pradesh province (India). The results of the pesticide analysis of the 
sampling site revealed that the concentrations of almost all the OCs were above the 
maximum permissible limits (USEPA). The concentrations of the pesticides in the test 
samples were higher than those reported by other workers (Prakash et al, 2004; Geetha 
and Fulekar, 2008; Mmuallefe et al, 2008), namely lindane was found at a 
concentration of 547 ng/g, a-endosulfan and P-endosulfan at 422 ng/g and 421 ng/g. 
The test samples were also contaminated with heavy metals and some of the detected 
metals are toxic to living beings. This might be due to the location of our study site 
which also houses many metal industries. Our data on the heavy metal concentrations 
are comparable to that of other works (Lokeshwari and Chandrappa, 2006; Popescu and 
Stanca, 2008; Begum et al, 2009). Aleem et al (2003) also reported that the 
agricultural soil irrigated with wastewater contain high levels of metals Fe, Ni, Cr, Cu 
and Cd were in the range of 862-1052, 36.4-48.5, 32.5-42.3, 25.4-29.6, 0.58-1.2^g/g, 
respectively. 
In our study, all bacterial isolates were tested for tolerance to the pesticides 
lindane, endosulfan, monocrotophos, chlorpyriphos, folpet and captan. Isolates 
tolerated concentrations up to 3200 |ig/ml of these pesticides except folpet which was 
tolerated up to 1600 |ag/ml. Our findings are similar to those reported by Ferrer et al 
(1986) who reported that 100, 200, 300, 400 and 500 ^g/ml of 2,3,6-TBA (2,3,6-
trichlorobenzoic acid) caused 28.0, 47.8, 54.5, 61.2 and 95.6% inhibition respectively 
after 24 h of incubation. Shafiani and Malik (2003) tested Pseudomonas and Rhizobium 
strains which tolerated concentrations up to 1600 |xg of carbofuran/ml, 800 i^g of 
endosulfan/ml and 1600 |xg of malathion/ml while an Azotobacter strain tolerated 
concentrations of 1600 ^g/ml of all the three pesticides. Ajaz et al (2005) reported that 
under high stress conditions of chlorpyriphos, the generation time of the tolerant 
isolates increased, compared to a shorter generation time in medium without added 
chlorpyriphos. Bhagobaty and Malik (2008) tested the growth of four bacterial isolates 
(IL'^ -S, RA-5 RA-10 and RA-20, tentatively identified as Pseudomonas spp.) in 
chlorpyriphos amended medium at concentrations ranging from 25 to 200 \xglm\ and 
found that growth rate of the isolates decreased with increasing chlorpyriphos 
concentrations. 
Our bacterial isolates were also highly resistant to metals, maximum MICs of 
100, 400, 400, 800, 3200 and 400 i^g/ml for the heavy metals Hg, Ni, Cu, Cr, Pb, and 
Cd were observed as these bacteria were isolated from the contaminated soil. Malik 
and Aleem (2010) also reported a maximum MIC of 200 ng/ml for mercury and 3200 
)ig/ml for other metals (Cd, Cu, Zn, Ni, Pb, and Cr) in Pseudomonas isolates from the 
Yamuna river water and wastewater irrigated soil. Nawab et al. (2003) reported that all 
the pesticide tolerant bacterial isolates from contaminated soil were resistant to one or 
more antibiotics. 
Microorganisms adapt to changing environmental conditions by horizontal gene 
transfer, which provides them with new traits (antibiotic-resistance, metal-resistance, 
virulence, xenobiotic degradation, etc.) so they can survive and colonize their new 
environment (Seveno et al, 2002; Smets and Barkay, 2005; De Boever et al, 2007; De 
Gelder et al, 2008). For soil, the transfer of conjugative plasmids is probably the best 
studied mechanism and is argued to be the most important means of gene transfer 
because these genetic elements contain independent replicons, encode a dedicated 
transfer mechanism, and can mobilize advantageous factors (Thomas, 2000; De Boever 
et al, 2007). Conjugative transfer is the most efficient way of horizontal gene spread, 
and it is therefore considered one of the major reasons for the increase of bacteria 
exhibiting multiple-metal/antibiotic resistances. 
Detection of IncP trfA2 and oriT sequences in a sewage field, in tannery 
effluent receiving soil and in soil irrigated with steel industry wastewater by PCR and 
hybridization was a clear indication that IncP plasmids are prevalent in these habitats as 
reported by Malik et al. (2008), in 70% of the samples from Indian/German soils trfAI 
and oriT sequences specific for IncP group plasmids were detected while no other 
investigated plasmid group (IncQ, IncN, IncW and pMV158-type plasmids) was found. 
Gotz et al. (1996) reported that 60% of the IncP plasmids from manure slurry gave a 
positive PCR result with IncP or;T primers and 53% with trfA2 primers. trfA2 and IncP 
oriT detection as well as IncP plasmid isolation from polluted environment has also 
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been described by others (Gotz et al, 1996; Gstadler et al, 2003). In our study, Inc 
group specific primer systems were used to detect conjugative plasmids in pesticide 
tolerant/metal resistant as well as antibiotic resistant bacteria by means of PCR. Highly 
pesticide tolerant/metal and antibiotic resistant bacterial isolates from soil near a 
pesticide industry as well as total DNA isolated from this soil gave PCR amplicons 
with IncP {priT and trfA2) primers. Smalla et al. (2006) reported that PCR based 
detection revealed that mercury pollution corresponded to an increased abundance of 
mercury resistance genes and of IncP-ip replicon specific sequences in total 
community DNA of river sediments polluted with mercury. Binh et al. (2008) also 
applied replicon probing for the detection of BHR plasmids in piggery manure which is 
a reservoir of BHR plasmids conferring muhiple antibiotic resistance. Their resuhs 
revealed that 28 of the isolated plasmids belonged to the IncN, one to the IncW, 13 to 
the IncP family and 19 to the pHHV216-like plasmids which could not be assigned to 
any of the known Inc groups. Bahl et al. (2009) studied the presence and diversity of 
IncP plasmids in a wastewater treatment plant by PCR amplification of trfA and 
confirmed that the wastewater constitutes a reservoir of conjugative IncP plasmids. 
Isolation of IncP plasmids from polluted environments has been described by various 
workers (Top et al, 1995; Smalla et al, 2000, 2006). Consequently, the presence of 
conjugative /mobilisable IncP plasmids in polluted soils indicate that these habitats are 
likely to have a gene-mobilizing capacity with implications for horizontal 
dissemination of heavy metal and antibiotic resistance genes as well as virulence 
factors. 
In conclusion, our study on molecular characterization of conjugative plasmids 
in pesticide tolerant and muUi-resistant bacterial isolates from contaminated alluvial 
soil near a pesticide industry revealed that the soil was highly contaminated with the 
pesticides lindane, a-endosulfan, and P-endosulfan as well as with several heavy 
metals. Maximum MlCs of bacterial isolates for pesticides and heavy metals showed 
that bacteria surviving in these pesticide contaminated fields were highly tolerant or 
resistant to the pesticides/heavy metals and simultaneously resistant to antibiotics. IncP 
specific DNA sequences {trfA2 and or/7) were detected which revealed that IncP 
plasmids are prevalent in these bacteria isolated from soil which was irrigated with 
wastewater. The presence of IncP plasmids in these bacterial isolates suggests that 
pesticide contamination has applied selective pressure for proliferation of these 
plasmids, as IncP plasmids are involved in catabolic pathways of pollutants 
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(pesticides/metals). Present findings suggest the role of conjugative plasmids as 
contributors to maintenance and spread of adaptive traits (pesticide tolerance/metal and 
antibiotic resistance) in microbial communities. 
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Table 1. Quantitative determination of pesticides and heavy metals in soil and 
wastewater 
Pesticides 
Lindane 
a-endosulfan 
(3-endosulfan 
Chlorpyriphos 
Monocrotophos 
Dieldrin 
Concentration 
Soil 
(ng/g) 
547±10 
422±71 
421±57 
NT 
NT 
ND 
Wastewater 
(ng/ml) 
57.55±26 
80.90±14 
220.9±38 
020.9±7.6 
08.32±3.9 
ND 
Heavy metals 
Cr 
Zn 
Fe 
Ni 
Cu 
Cd 
Concentration 
Soil ing/g) 
36.2±2.0 
42.5±2.5 
241 ±27 
43.2±5.3 
13.2±1.0 
11.2±0.9 
Wastewater 
(tig/ml) 
21.30±1.0O 
22.48±1.61 
221.03 ±10 
11.20±1.11 
8.30±0.95 
3.36±1.05 
Each value is the mean of three replicates ± SD 
ND = Not detected, NT= Not tested 
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Table 2. Minimum inhibitory concentration (MIC) of bacterial isolates from soil 
against pesticides and heavy metals 
Strains 
wm 
WR2 
WR3 
WR4 
WR5 
WR6 
WR7 
WR8 
WR9 
WRIO 
WRll 
WR12 
WR13 
WR14 
WR15 
WR16 
WR17 
WR18 
WR19 
WR20 
WR21 
WR22 
WR23 
WR24 
WR25 
WR26 
WR27 
WR28 
WR29 
WR30 
WR31 
WR32 
WR33 
WR34 
WR35 
In 
400 
400 
400 
400 
400 
400 
1600 
800 
800 
800 
800 
800 
400 
800 
800 
800 
800 
800 
1600 
1600 
3200 
3200 
400 
1600 
800 
800 
800 
800 
800 
800 
400 
3200 
3200 
3200 
3200 
End 
800 
800 
800 
800 
800 
800 
3200 
800 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
800 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
Minimum 
monc 
800 
800 
800 
800 
800 
800 
3200 
800 
800 
1600 
800 
800 
800 
800 
800 
1600 
1600 
800 
3200 
3200 
3200 
3200 
3200 
1600 
800 
800 
800 
800 
1600 
800 
800 
1600 
1600 
1600 
3200 
clr 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
3200 
800 
800 
800 
800 
800 
1600 
1600 
800 
3200 
800 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1600 
3200 
3200 
3200 
3200 
Inhibitory Concentration (ng/ml) 
cap 
800 
800 
800 
1600 
800 
800 
3200 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
800 
800 
800 
1600 
3200 
1600 
1600 
1600 
800 
1600 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
flp 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
800 
1600 
1600 
1600 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
Cr 
200 
200 
400 
400 
400 
800 
800 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
800 
800 
800 
800 
800 
400 
400 
400 
400 
400 
400 
400 
400 
800 
800 
800 
800 
Pb 
800 
800 
800 
1600 
1600 
800 
800 
800 
800 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
3200 
1600 
1600 
1600 
3200 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
Ni 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
200 
400 
400 
200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
Cd 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
200 
400 
400 
400 
400 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 
Hg 
3 
3 
6 
6 
25 
6 
25 
o 
J 
J 
3 
3 
3 
o 
J 
6 
6 
25 
3 
50 
50 
100 
12 
3 
3 
3 
n 
J 
3 
50 
50 
100 
100 
100 
100 
100 
100 
Cu 
100 
200 
400 
200 
200 
200 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
In - lindane, end - endosulfan, monc - monocrotophos, clr - chlorpyriphos, 
cap - captan, flp - folpet 
WR - Bacterial isolates. 
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Table 3. Pattern of pesticide tolerance and heavy metal resistance in 35 bacterial 
isolates from soil 
No. of 
Pesticides 
/Metals 
] 
2 
-> J 
4 
5 
6 
In - lindane 
No. of 
Pesticide 
Tolerant 
Bacteria (%) 
6(17.1)% 
3 (8.5)% 
5 (14.2)% 
9 (25.7)% 
5 (14.2)% 
7 (20.0)% 
Pesticide tolerance 
pattern (No, of 
isolates) 
ln(5),chr(l) 
chr monc (1), end cap 
(l),chrcap(l) 
end clir monc (1), chr 
monc cap (l),chr cap 
flp (2), monc cap 
flp(l) 
end monc cap flp (2), 
end chr monc flp (2), 
In end cap flp (3), In 
end monc flp (2) 
end monc chr cap flp 
(l),ln chr monc cap 
flp (1), In end monc 
cap flp (1), In end 
monc map chr (2) 
In end chr monc cap 
flp (7) 
, end - endosulfan, monc - monocrotophc 
cap - captan, flp - folpet 
No. of 
Metal 
resistant 
isolates (%) 
4(12.3)% 
4 (12.3)% 
6(17.1)% 
8 (22.8)% 
5 (14.2)% 
8 (22.8)% 
Metal resistance 
pattern (No. of 
isolates) 
Pb(4) 
Cd Cu (2), Hg Cu 
(2) 
Cd Cu Hg (5), Cd 
CuCr(l) 
Cd Cu Cr Pb (7), 
CuCrPbNi(l) 
Cu Cr Pb Cd Ni 
(1), Hg Cd Cr Pb 
Ni (1), Hg Cd Cu 
Cr Pb (2), Hg Cd 
CuPbNi(l) 
Hg Cd Cu Cr Pb 
Ni(8) 
?s, chr - chlorpyriphos, 
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Table 4. Antibiotic resistance pattern of 35 bacterial isolates from contaminated 
soil 
No. of 
Antibiotics 
1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
14 
15 
16 
No. of 
Resistant 
Isolates (%) 
3 (8.5) 
13(37.1) 
4(11.4) 
2 (5.7) 
2 (5.7) 
3 (8.5) 
2(5.7) 
1 (2.8) 
1 (2.8) 
1 (2.8) 
1 (2.8) 
1 (2.8) 
1 (2.8) 
Resistance Pattern (No. of resistant isolates) 
K(l) 
Pb(2) 
ADo(l) 
CR(I) 
A Am (4) 
MS (7) 
G N E ( l ) 
C T R ( l ) 
Co M T (2) 
ACNaT( l ) 
A c A T E ( l ) 
A T S E C ( l ) 
T S E R G ( l ) 
A C f S T N a C ( l ) 
A E M T C R ( l ) 
A T E M G R ( l ) 
MNfSCGNaAm( l ) 
M S C o N a E C j A ( l ) 
MSCoNaECjAAm( l ) 
M S C o C x N a E C A A m ( l ) 
M Nf S Do T Cx Na E Cj A Am (1) 
Nf M G Co R Do C Cx Na S E Cj A Am (1) 
Nf M G Co R Do C Cx Na S T E Cj A Am (1) 
Nf M G Co R Do C Cx Na S T E Cj Cf A Am (1) 
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10 
TrfA2 241bp 
Figure la. Agarose gel (1.5%) of IncP trfAl PCR product from pesticide 
tolerant/multiple metal and antibiotic resistant bacterial isolates. Lane 1: positive 
control (PCR product from E. coli SCSI (RP4), lane 2: negative control (no DNA), 
lane 3-9: DNA from isolates WR7, WR17, WR19, WR21, WR22, WR24, and WR33, 
lane 10: 100 bp DNA ladder (Chromous Biotech Pvt. Ltd, India). 
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1 2 5 6 10 
IncPor/TllObp -^  
Figure lb. Agarose gel (1.5%) of IncP oriT PCR product fronr pesticide tolerant 
/multiple metal and antibiotic resistant bacterial isolates. Lane 1: negative control (no 
DNA), lane 2: positive control (PCR product from E. coli SCSI (RP4), lane 3: DNA 
from WR7, lane 4: 100 bp ladder (Chromous Biotech Pvt. Ltd, India), lane 5-10: DNA 
from isolates WR17, WR19, WR21, WR22, WR24, and WR33. 
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1 2 3 4 5 6 7 8 9 10 
Figure 2a. . Dot blot of IncP trfA2 PCR product from pesticide/multiple metal and 
antibiotic resistant bacterial isolates; spot 1: positive control (PCR product from E. coli 
SCSI (RP4), spot 2: negative control (no DNA), spots 3-10: DNA from isolates WR7, 
WR17, WR19, WR21, WR22, WR24, WR33 and soil DNA respectively. 
^ \ 3 4 5 6 7 8 9 10 
Figure 2b. Dot blot of IncP oriT PCR product from multiple metal and antibiotic 
resistant bacterial isolates; spot 1: positive control (PCR product from E. coli SCSI 
(RP4), spot 2: negative control (no DNA), spots 3-10: DNA from isolates WR7, WR17, 
WR19, WR21, WR22, WR24, WR33 and soil DNA respectively. 
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1 2 3 4 5 6 
IncP oriT l lObp 
TrfA2 241bp 
Figure 3. Agarose gel (1.5%) of IncP trfA2 and oriT PCR product from wastewater 
irrigated soil; lane 1, positive control (PCR product from E. coli SCSI (RP4), lane 2, 
negative control (no DNA), lane 3, 100 bp DNA ladder, (Chromous Biotech Pvt. Ltd, 
India), lane 4, soil DNA for IncP oriT, lane 5, positive control (PCR product for tr/AT), 
lane 6, soil DNA for trfA2, lane 7, negative control (no DNA). 
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1 2 3 4 5 6 7 8 9 10 
Figure 4. Agarose gel electrophoretic profiles of plasmid DNA isolated from multi-
resistant bacterial isolates WR7, WR17, WR19, WR21, WR22, WR24, WR33 and 
WR35 in lanes 3-10 respectively from contaminated soil, lane 1: A, DNA digested with 
EcoRI and Hindlll and lane 2: 1 kb DNA ladder. 
Chapter IV: 
Exogenous isolation of conjugative 
plasmidsfrom soil 
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Introduction 
Horizontal gene transfer studies on bacteria colonizing natural or semi natural 
environments are important for the understanding of the mechanism leading to 
bacterial adaptation to a given set of conditions (Thomas, 2000; Smets and Barkay, 
2005; De Gelder et al, 2008), for assessing the risks associated with spread of 
resistance genes to bacteria that infect humans and animals, and for the identification 
of bacterial populations in the environment that might play a role as reservoirs for 
resistance genes (Mazodier and Davies, 1991; Auerbach et al, 2007; Ansari et al, 
2008; Malik et al, 2008; He et al, 2010). 
Incidence and diversity of plasmids in bacteria from different environment is 
very limited. In addition, isolated bacteria had been screened on the basis of presence 
of plasmids by a standard technique. The application of new approaches, such as 
exogenous plasmid isolation techniques or the PCR monitoring of mobile genetic 
elements in total community DNA and DNA hybridization were shown to be 
extremely valuable tools for plasmid characterization and classification (Courturier et 
al, 1988; Gotz et al, 1996; Nikolakopoulou et al, 2008; Rahube and Yost, 2010). 
Plasmid-mediated gene exchange between bacteria plays an important role in bacterial 
adaptation and flexibility, therefore exogenous isolation of MGEs (mobile genetic 
elements) designated exogenous plasmid isolation, when such mobile genetic 
elements are plasmids, it has been developed to capture transferable plasmids directly 
from natural microbial community by using bacterial conjugation systems (Smalla et 
al, 2000, 2006; Miyazaki et al, 2006; De Boever et al, 2007; Binh et al, 2008). 
Conjugation requires independently replicating MGE called conjugative 
plasmids or chromosomally integrated conjugative elements, which include 
conjugative transposons. The conjugation process starts with the expression of 
transfer genes that establish a stable mating pair and trigger DNA transport. A cascade 
of molecular events ensures an efficient self-transfer from the donor to the recipient 
cell (De Boever et al, 2007). The technique (exogenous plasmid isolation) involves 
conjugal mating of a suitable recipient with natural microbial community and 
subsequent selection of transconjugants that have acquired a genetic marker. This 
approach has been used for the isolation of plasmids involved in resistance to metals 
and degradation of pesticides (Schneiker et al, 2001; Miyazaki et al, 2006; Malik et 
al, 2008; Jorquera et al, 2010). 
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Plasmids belonging to IncP incompatability group serves as a vector for 
horizontal mobility of the encoded accessory genes that code for degradation of 
pollutants, tolerance to pesticides, resistance to antibiotics or heavy metals (Davies, 
1994; Ansari et al., 2008; Malik et al, 2008). Mercury resistance genes were reported 
to occur on a wide range of plasmids belonging to various incompatibility groups 
(Schneiker et al, 2001; Smalla et al, 2006). The rapid spreading of antibiotic 
resistance genes in bacterial populations occur due to intensive application of 
antibiotics in medicine and agriculture sector can be partly recognise to plasmid-
mediated horizontal gene transfer (Franiczek et al, 2006; Heuer et al, 2008; Norman 
et al, 2010; Rahube and Yost, 2010). In several studies it has been identified that 
transconjugants formed in various indigenous communities after uptake of BHR 
plasmids (Goris et al, 2003; M0lbak et al, 2003; Binh et al, 2008; Nikolakopoulou 
et al, 2008). 
The present study has been undertaken to isolate conjugative plasmids 
exogenously from contaminated soil and putative transconjugants were tested for 
pesticide tolerance, metal and antibiotic resistance and also focused on detection of 
plasmid specific sequences from the prevalent plasmid Inc groups and pMV158-type 
rolling circle plasmids. 
Materials and Methods 
Sample collection 
Soil samples were collected as described earlier (Chapter II: General materials 
and methods). 
Exogenous plasmid isolation in biparental matings 
Exogenous plasmid isolation was essentially done as described previously 
(Smalla et al, 2006). Bacteria were detached from the soil sample by dispersion in a 
solution containing 7.5 mM sodium pyrophosphate and 0.5% Tween 80 under 
vigorous shaking as described by Bockelmann et al (2003). The supernatant was 
applied as plasmid donor, while rifampicin resistant Escherichia coli HMS served as 
recipient in the matings. One millilitre of each donor cells and recipient was mixed 
and filtered through sterile nitrocellulose filters (0.45[im pore size). The filters were 
incubated for 48 h at 35°C on mineral salt medium containing (per liter distilled 
water) (NH4)2S04 1.0 g, MgS04.7H20 0.1 g, NaH2P04.2H20 1.0 g, K2HPO4 0.1 g 
supplemented with 100 ^g/ml of pesticide (7-HCH) per plates. Controls were made 
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by incubating the bacterial fraction from the soil sample and recipient separately. 
After 48 h incubation at 35°C, the cell lawn was resuspended in 1 ml of sterile saline, 
and transconjugants were obtained after plating serial 10-fold dilutions on mineral salt 
agar medium supplemented with y -HCH (100 i^ g/ml) and antibiotics as described and 
putative transconjugants were picked up for further characterization. Transfer 
frequency was calculated as described in Chapter III. 
Assessment of Minimum Inhibitory Concentrations (MIC) of pesticides 
Tolerance of transconjugants to pesticides (lindane, endosulfan, chlorpyriphos, 
monocrotophos, captan and folpet) was studied by the method described by Shafiani 
and Malik (2003) as described earlier (Chapter III). 
Assessment of Minimum Inhibitory Concentrations (MIC) of heavy metals 
MIC of metals for each transconjugant was determined as described in 
Chapter III. 
Antibiotic sensitivity test 
All the transconjugants were also tested for sensitivity to antimicrobial agents 
by means of the disc diffusion method (Bauer et al., 1966). 
PCR of plasmid specific sequences from transconjugants 
PCR for the detection of incompatibility group plasmid from transconjugants 
was carried out as described earlier (Chapter III). 
Isolation of Plasmid DNA from transconjugants 
Plasmid DNA was isolated from the transconjugants, (obtained after the 
biparental mating) by alkaline lysis on agarose gel electrophoresis according to the 
standard procedure of Sambrook et al. (1989). 
Results 
Exogenously isolation of plasmids in biparental mating 
Exogenous plasmid isolation in biparental matings with bacteria detached 
from soil (supernatant) as donor and rifampicin resistant Escherichia coli HMS as 
recipient was performed for the selection of ampicillin (10 |ag/ml), tetracycline (20 
[ig/ml), kanamycin (30 |ag/ml) and chloramphenicol (50 ^g/ml) resistant 
transconjugants. Transconjugants were picked up from mineral salt agar (MSA) plates 
either with ampicillin (10 |ig/ml) or tetracycline (20 |ig/ml) supplemented with 
pesticide (y-HCH) as a sole carbon source, whereas no transconjugants were obtained 
in the same mineral salt medium with kanamycin (30 (ig/ml) or chloramphenicol (50 
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|ig/nil) antibiotics. The frequency of gene transfer of tetracycline resistant 
transconjugants was 9.2 x lO,""* whereas, ampicillin was 7.2 x 10"^. 
Assessment of pesticide tolerance and heav>' metal resistance in transconjugants 
Each putative transconjugant was also tested on the basis of MIC against 
different pesticides and metals. A maximum MIC of 3200 |ig/ml against lindane was 
observed, whereas MIC of endosulfan, chlorpyriphos, monocrotophos and captan was 
1600 ng/ml. However, maximum MIC of 25 x^g/ml for Hg, 400 |ig/ml for Cr, Cu, Cd, 
Ni was observed in selected transconjugants (Table 1). 
Antibiotic resistance in pesticide tolerant/metal resistant tranconjugants 
The percentage of antibiotic resistance in transconjugants is shown in Table 2. 
83% transconjugants were resistant to co-trimoxazole and doxycycline, whereas 79% 
to ampicillin and erythromycin, 75%o to polymyxin B and tetracycline, 70% to 
nitrofurantoin and sulfadiazine, 62% to methicillin. 4.1%) transconjugants were 
resistant to 3, 4, 6, 7 and 12 different antibiotics respectively. 12.5%) transconjugants 
were resistant to 8 and 10 antibiotics, while 29.1%) transconjugants were resistant to 
11 antibiotics in seven different combinations (Table 3). 
Conjugative plasmids in pesticide tolerant and multi-metal/antibiotic resistant 
transconjugants 
Putative transconjugants were PCR amplified for the detection of Inc-group 
plasmids using Inc-specific primers (IncP, IncN, IncW, IncQ and pMV158-type 
rolling circle plasmids). Two sets of primers for IncP specific sequences {trfA2 and 
oriT) and IncQ specific sequences {oriT and oriV), one primer set for IncN specific 
gene {rep) and IncW-specific sequence {oriT) were used for the amplification. All 
transconjugants were PCR amplified for the detection of conjugative plasmids in 
which TM 2 (tet), TM 3 (tet), TM 4 (tet), TM 11 (tet) and TM 12 (tet) gave positive 
PCR products with the IncP-specific primer system for both replication and transfer 
gene {trfA2\na> and oriTincp) (Fig 1-2), while TM 14 (amp) gave positive PCR for IncP 
specific sequence for replication gene trfA2\nc? only. TM15 (amp), TM 16 (amp), TM 
18 (amp) and TM 21 (amp) gave positive PCR for IncW-specific sequence for 
transfer gene (or/Tincw) (Fig 3) and TM 5 (tet) gave positive PCR for transfer gene 
or/TRc (Fig 4). However, PCR for IncN {rep) and IncQ {oriV) were not detected. 
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Plasmid DNA isolation 
Five of the transconjugants, 3 positive PCR for lnc?,rfA2 & onr specific sequence 
from tet (Fig 5) and 2 positive PCR for IncWo^r specific sequence from amp (Fig 6) 
plates were selected for plasmid isolation and it was found that transconjugants harbor 
one or more plasmids of different sizes when compared with standard DNA marker. 
Discussion 
Bacterial conjugation is a mechanism of genetic transfer that requires contact 
between donor and recipient bacteria. It should be noted that success of exogenous 
plasmid isolation experiments depend on appropriate recipient bacterium to act as a 
genetic sink for capture of mobile genetic elements (Smalla et ah, 2000). Plasmid 
capture relies upon self-transmission or mobilization of indigenous plasmids and 
expression of selection markers like antibiotics, pesticides/metal resistance from the 
bacterial fraction retrieved from environmental sample in a well defined recipient 
strain (Schneiker et ai, 2001; Heuer et al, 2008; Jorquera et al, 2010). Present 
findings indicate that transconjugants obtained from the contaminated soil were 
directly captured into recipient bacteria without prior cultivafion of plasmids into the 
original host. For the selection of the transconjugants various antibiotics were used in 
the minimal agar medium where y-HCH was only the sole carbon source. 
Transconjugants were obtained on ampicillin and tetracycline amended plates, while 
no transconjugants were detected with other antibiotics tested. The frequency of gene 
transfer was found to be high in our study as compared to other studies (Smalla et al, 
2000, 2006; Binh et al, 2008; Malik et al, 2008). Malik et al (2008) performed 
exogenous plasmid isolation in biparental mating with bacteria detached from soil 
(Indian and German) as donor and E. coli HMS as recipient strain using andbiotics 
(amp, kan and tet) as selection markers. They reported that frequencies of kanamycin 
resistance gene transfer were in the range of 2.4 x 10" - 6.6 x 10" transconjugants 
per recipient, with the lowest rate for the Tiergarten rhizospheric soil and highest rate 
for the hydrophobic Berlin-Bunch soil, whereas frequencies of gene transfer (kan 
resistance) for Indian soil were 5.9 x 10"'° (Kanpur) to 1.2 x 10"' (Ghaziabad) 
transconjugants per recipient. However, no transconjugants were obtained for the soil 
(Indian) irrigated with groundwater from plates supplemented with kanamycin or 
ampicillin. Smalla et al (2006) carried out exogenous isolation in mercury polluted 
sediment samples (A and B), with a recipient strain P. putida KT2442 gfp in 
biparental matings and found the frequency of gene transfer in mercury polluted 
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sediment samples (A and B) were A (A1/A2, 8 x lO""; A3/A4, 5 x lO"' and B (B1/B2, 
4 X lO'"*; B3/B4, 8 x 10"^ ) respectively. Binh et al. (2008) investigated the prevalence 
and types of transferable antibiotic resistance plasmids in piggery manures and 
reported antibiotic resistance plasmids in manure samples from 15 manure storage 
farms and selected 228 transconjugants from 15 manures using selective media 
supplemented with amoxicillin, sulfadiazine or tetracycline. They reported highest 
gene transfer frequency for manure 8 (3.5 x 10" )^ on amoxicillin, while for manure 3 
and 8 (3.1 x 10"^  and 3.3 x 10"^  respectively) on sulfadiazine and gene transfer 
frequency on tetracycline for manure 3 was 4.4 x 10"^ Jorquera et al. (2010) reported 
transfer frequencies of 10"^ to lO" per recipient in biparental matings by exogenous 
isolation for the rizoshpheric plant species. The number of putative transconjugants in 
all rizoshpheric plant species were reported same but no transconjugants were 
obtained from white clover. 
Transconjugants were also tested for their MIC against pesticides (lindane, 
endosulfan, chlorpyriphos, monocrotophos, folpet and captan) and highest MIC of 
3200 ^g/ml was found against y-HCH, while MIC of 1600 |ig/ml was observed for 
other pesticides. MIC of each transconjugants were determined which is comparable 
to those of Rani et al. (2008), who isolated a strain of Providentia stuartii from soil, 
which was capable of utilizing chlorpyriphos at the concentrations (300-700 \ig /ml) 
without inhibiting growth of the pesticide-utilizing bacterium. Bhagobhaty and Malik 
(2008) tested growth pattern of four bacteria by providing chlorpyriphos as sole 
carbon source to the minimal agar medium, at the concentrations ranging from 25-200 
|ig/ml, and found that growth rate of the isolates decreased with increasing 
chlorpyriphos concentration. Smalla et al. (2006) tested the transconjugants and 
reported resistance towards mercury up to the concentration of 30 |ig/ml. 
Binh et al. (2008) tested 228 transconjugants for their antibiotic sensitivity by 
disk diffusion method, and observed 37 different pattern of antibiotic resistance. They 
reported that almost all transconjugants displayed muhi-resistance phenotype, four of 
them were resistant to 7 of 8 antibiotics tested and 40 displayed resistance to 6 
antibiotics. Smalla et al. (2000) observed four different types of antibiotic resistance 
patterns and most of the transconjugants acquired multiple antibiotic resistance 
(MAR). Similar findings to those of above workers were also observed in the present 
study and multi-antibiotic resistant transconjugants were found which were resistant 
72 
to 3, 4, 6, 7 and 12 different antibiotics simultaneously. Nawab et al. (2003) reported 
that pesticide tolerant bacteria isolated from contaminated soil were also resistant to 
one or more antibiotics. 
Smalla et al. (2006) conducted PCR methods for the detection of conjugative 
plasmids and mercury resistance genes in two mercury polluted (A & B) and two less 
polluted (C and D) River Nura (Kazakhstan) sediment samples. Their findings 
revealed abundance of mercury resistance genes and IncP-ip trfA2 replicon-specific 
sequences in total community DNA of contaminated sediments. Binh et al. (2008) 
selected 228 transconjugants, which were screened for the presence of plasmids 
belonged to different groups. They found that 28 plasmids belonged to IncN, one to 
IncW, 13 to lncP-1 and 19 to the pHHV216-like in piggery manure have multiple 
antibiotic resistance genes. Gotz et al. (1996) also reported that DNA obtained from 
piggery manure slurries gave positive PCR products for only some of the IncN, IncP, 
and IncW group plasmids. Imperio et al. (2007) collected soil/salt sediment samples 
from six different locations in Northern Victoria Land (Antarctica). They also 
screened DNA samples for PCR amplification by using specific primers for 
\nc?{trfA2) and \nz(^{oriV) incompatibility groups and reported lnc?{trfA2) group 
plasmids in eight out of fifteen DNA samples. Alexandra et al. (2009) examined total 
community DNA from two distinct effluents; urban and slaughterhouse wastewater 
and evaluated IncN (rep), \nc?{trfA), lncW(o/'/F), lnQ,Q{oriV) and intergrase gene in 
both effluents. They demonstrated that mobile genetic elements (MGEs) were present 
in wastewater environments which promoted the development of bacterial 
communities that supported and brought together with different types of molecular 
elements in association, play a major role in bacterial adaptation and evolution. Malik 
et al. (2008) tested 24 transconjugants which were picked up from ampicillin (12) and 
kanamycin (12) plates and 9 out of 12 tansconjugants from ampicillin were PCR 
amplified for IncP oriT, 1 were positive for IncP trfAl and 6 were positive for both 
oriT and trfAl. In the present study, all 24 selected transconjugants; transfer gene 
IncP {trfAl & oriT) as detected by PCR. Moreover, rolling circle plasmids pMV158 
type (oriTRc) was detected only in TM5 (tet) of the soil sample. Therefore, different 
researchers using plasmid mobilizing technique have also reported a prevalence of 
one type from a single isolation experiment (Stuart-Keil et al, 1998; Smalla et al., 
2006; De Boever et al., 2007; Nikolakopoulou et al., 2008; Jorquera et al, 2010). 
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In conclusion, transconjugants isolated by exogenous plasmid isolation in 
biparental mating indicates that genes for the tolerance of pesticides and 
metals/antibiotic resistance can be distributed by conjugative plasmids in the natural 
environment. Consequently, the availability of different incompatibility group 
plasmids indicate that pesticide/metal contamination has applied selective pressure for 
proliferation of these different plasmids and diverse gene cassettes are assembled into 
catabolic pathways of pollutants having different origins. Our observations are also 
contributing to the understanding of gene exchange between bacteria in dynamically 
developing ecosystems and underline the importance of describing the succession of 
bacterial populations indigenously present in such system due to contamination 
events. 
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Table 1. Minimum inhibitory concentrations of transconjugants by biparental 
mating from contaminated soil 
Transconjugants 
TMI (tet) 
TM2 (tet) 
TM3 (tet) 
TM4 (tet) 
TM5 (tet) 
TM6 (tet) 
TM7 (tet) 
TM8 (tet) 
TM9 (tet) 
TMIO (tet) 
TMll (tet) 
TM12 (tet) 
TM13 (amp) 
TM14 (amp) 
TM15 (amp) 
TM16 (amp) 
TM17 (amp) 
TM18 (amp) 
TM19 (amp) 
TM20 (amp) 
TM21 (amp) 
TM22 (amp) 
TIV123 (amp) 
TM24 (amp) 
In 
800 
3200 
3200 
1600 
800 
800 
800 
800 
800 
800 
1600 
3200 
1600 
1600 
3200 
1600 
800 
1600 
800 
800 
1600 
800 
800 
3200 
end 
1600 
800 
1600 
1600 
3200 
1600 
1600 
800 
1600 
1600 
1600 
1600 
3200 
1600 
1600 
1600 
3200 
3200 
1600 
1600 
1600 
1600 
1600 
800 
Minimum 
monc 
800 
1600 
1600 
800 
1600 
800 
1600 
1600 
1600 
800 
800 
1600 
800 
1600 
1600 
1600 
800 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
clr 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
800 
1600 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1 Inhibitory Concentration (^ g/mI) 
cap 
800 
1600 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
800 
1600 
1600 
1600 
800 
1600 
1600 
1600 
flp 
1600 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
800 
1600 
1600 
1600 
1600 
1600 
1600 
800 
800 
1600 
1600 
1600 
1600 
1600 
1600 
Cr 
200 
400 
400 
200 
400 
400 
200 
200 
200 
200 
400 
200 
200 
200 
400 
200 
200 
400 
200 
400 
200 
200 
200 
400 
Ni 
200 
200 
200 
400 
400 
400 
400 
400 
200 
400 
400 
200 
200 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
Cd 
50 
100 
100 
50 
400 
400 
50 
50 
50 
50 
200 
50 
50 
50 
400 
100 
500 
200 
50 
50 
100 
50 
50 
400 
Hg 
3 
12 
25 
6 
25 
6 
6 
6 
3 
6 
25 
12 
3 
3 
25 
6 
6 
12 
25 
n 
J 
12 
6 
6 
25 
Cu 
200 
400 
400 
400 
100 
100 
200 
200 
100 
100 
400 
400 
200 
200 
200 
200 
200 
'400 
400 
100 
400 
100 
200 
400 
In. - lindane, end - endosulfan, monc - monocrotophos, clr - chlorpyriphos, cap -
captan, flp - folpet 
TM - Putative transconjugants picked up from tetracycline (tet) and ampicillin (amp) 
selective MSA plates 
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Table 2. Percent antibiotic resistance of transconjugants 
Antibiotics 
Ampicillin 
Chloramphenicol 
Co-trimoxazole 
Doxycycline 
Erythromycin 
Kanamycin 
Methicillin 
Nitrofurantoin 
Neomycin 
Nalidixic acid 
Polymixin-B 
Rifampicin 
Sulfadiazine 
Streptomycin 
Tetracycline 
Concentration 
(^g/disc) 
25 
25 
25 
30 
15 
30 
30 
30 
30 
30 
30 
30 
30 
10 
30 
No. of resistant 
transconjugants 
(%) 
19(79%) 
2 (8%) 
20 (83%) 
20 (83%) 
19(79%) 
1 (4%) 
15(62%) 
17(70%) 
4 (16%) 
16(66%) 
18(75%) 
24(100%) 
17(70%) 
8 (33%) 
18(75%) 
Total no. of transconjugants^ 24 
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Table 3, Antibiotic resistance pattern of 24 transconjugants obtained by exogenous 
plasmid isolation in biparental mating 
No. of Resistant 
Antibiotics trans-
conjugants 
(%) 
Resistance Pattern (number of resistant transconjugants) 
3 1(4.1)% A E R ( l ) 
4 1(4.1)% A E R T ( l ) 
6 1(4.1)% E K N P b R T ( l ) 
7 1(4.1)% CoDoENaNfRT( l ) 
8 3(12.5)% A E C o D o M P b R S z ( l ) , A E C o D o M N a R T ( l ) 
ACoDoENfPbRSz( l ) 
9 6(25.0)% A C D o E N f P b R S z T ( l ) , A C o D o E M N f P b R S z ( l ) 
A Co Do E Na Nf R S T (1), A Co Do M Na Nf R Sz T (1) 
A Co E M Na Pb Sz R T (1), Co Do K Na Nf Pb R Sz T (1) 
10 3(12.5)% A C o D o N a N f P b R S S z T ( l ) , A C o D o M N a N f P b R S z T ( 2 ) 
11 7(29.1)% A D o E M N a N f P b R S S z T ( l ) , A C o D o M N a P b N f R S S z T ( l ) 
A Co Do E M Na Nf Pb R S Sz (1), A Co Do E M Nf R Pb Sz S T (1) 
A Co Do E MNaNf Pb R Sz T (1), A C Co Do E MNaNf Pb R T (1) 
C C o D o E M N a N f P b R S z T ( l ) 
_12 1(4.1)% A C o D o E M N a N f P b R S S z T ( l ) 
Table 4. Conjugative potential of contaminated soil as a donor (supernatant) with 
recipient E. coli HMS strain by exogenous plasmid isolation 
Donor Recipient strain Frequency of transfer Markers transferred 
Soil sample 
Soil sample 
£.co//HMS 
£. CO//HMS 
9.2x10" 
7.2x10" 
Tetracycline 
Ampicillin 
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10 11 
241bp 
Figure 1. 1.5% agarose gel of IncP,;./^ 2 PCR product from pesticide tolerant/multi-
metal and antibiotic resistant transconjugants in lane 1-5: TM 2 (tet), TM 3 (tet), TM 
4 (tet), TM 11 (tet) and TM 12 (tet) respectively, lane 6: 100 bp DNA ladder 
(Chromous Biotech Pvt. Ltd, India), lane 7-8: TM 5 (tet) and TM 6 (tet) (no PCR 
product obtained), lane 9 negative control (no DNA), lane 10, positive control (PCR 
product from E. coli SCSI (RP4) and lane 11: TM 14 (amp). 
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110 bp 
Figure 2. 1.5% agarose gel of IncPonr PCR product from pesticide tolerant/multi-
metal and antibiotic resistant transconjugants lane 1: positive control (PCR product 
from E. coli SCSI (RP4), lane 2: negative control (no DNA), lane 3: 100 bp DNA 
ladder (Chromous Biotech Pvt. Ltd, India), lane 4-8: TM 2 (tet), TM 3 (tet), TM 4 
(tet), TM 11 (tet) and TM 12 (tet) respectively. 
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5 6 
317 bp 
Figure 3. 1.5% agarose gel of IncWonr PCR product from pesticide tolerant/multiple 
metal and antibiotic resistant transconjugants lane 1: positive control (PCR product 
from Escherichia coli DH5a (R388), lane 2: negative control (no DNA), lane 3: 100 
bp DNA ladder (Chromous Biotech Pvt. Ltd, India), lane 4-7: TM 15 (amp), TM 16 
(amp) TM 18 (amp) and TM 21 (amp). 
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142bp 
Figure 4. 1.5% agarose gel of pMV158-type OHTRC P C R product from pesticide 
tolerant/multi-metal resistant and antibiotic resistant transconjugant, lane 1: positive 
control (PCR product from Enterococcus faecalis OGIX ), lane 2: negative control 
(no DNA), lane 3: 100 bp ladder (Chromous Biotech Pvt. Ltd, India) and lane 4: 
transconjugant TM 5 (tet). 
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1 2 3 4 5 6 7 8 
23,130 bp 
9,4ie bp 
6,557 bp 
4,361 bp 
2,322 bp 
2,027 bp 
564 bp 
Figure 5. Agarose gel (0.7%) electrophoretic profile of plasmid DNA isolated from 
transconjugants (from tetracycline amended plates), lane 1: undigested X DNA, lane: 
2, 3 & 4: Plasmid isolated from transconjugants TM 2 (tet) lnc?,rfA2 & om; TM 11 (tet) 
lncPirfA2 & oriT & TM 12 (tet) IncPirfA 2& oriT digested with EcoRI and Hindlll, lane: 5, 6 
& 7: Plasmid DNA from transconjugants TM 2 (tet), TM 11 (tet) & TM 12 (tet) and 
Lane 8: X digested with Hindlll. 
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1 2 3 4 5 
23,130 bp 
9,416 bp 
6,557 bp 
4,361 bp 
2,322 bp ^ 
2,027 bp ^ 
564 bp ^. 
Figure 6. Agarose gel (0.7%) electrophoretic profile of plasmid DNA isolated from 
transconjugants (from ampicillin amended plates), lane 1: X DNA digested with 
Hindlll, lane 2 & 3: Plasmid isolated from transconjugants TM 15 (amp) IncWonr & 
TM 18 (amp) IncWonr- Lane 4 & 5: Plasmid DNA of transconjugants TM 15 (amp) & 
TM 18 (amp) digested with restriction enzyme EcoRI and Hind III. 
Chapter V: 
Genotoxicity of wastewater 
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Introduction 
Surface waters, such as rivers, lakes and seas, receive large quantities of 
wastewater from industrial, agricultural, and domestic sources, including municipal 
sewage treatment plants. These surface waters, which contain many unknown 
compounds, are used as a source of drinking water, as well as for agricultural, 
recreational and religious activities around the world. Consequently, water pollution 
can be a serious public health and aquatic ecosystem problem (White and Co'te,' 
1998; Ohe et al., 2004; Preeti et al, 2009). Mutagenicity evaluation of surface water 
provide an indication of potential hazard due to lack of prior knowledge about the 
identification or physical/chemical properties of putative toxicants (Ansari and Malik, 
2009a). 
During the last two decades there has been an increasing trend in the pollution 
of various water bodies of India (Rehana et al, 1996; Aleem and Malik, 2003a; 
Siddiqui et al, 2010). Earlier work on the mutagenicity of water by several 
investigators revealed a direct correlation between the mutagenicity and the major 
pollutants in Indian water bodies (Malik and Ahmad, 1995; Aleem and Malik, 2005; 
Ansari and Malik, 2009a). Moreover, various adverse health effects and relatively 
high incidence of human cancers in certain pockets can be attributed to the toxic 
substances present in the water (Calderon, 2000; Landigran et al, 2002). Therefore, 
the risk assessment of water bodies assumes a significant proportion owing to the 
multidimensional applications of water in human life. 
Significant mutagenic activity has been detected in a variety of industrial 
wastewater effluents and sludges (Siddique and Ahmad, 2003; Jolibois and Guerbert, 
2005; Fatima and Ahmad, 2006; $ik et al, 2009). Traditionally, the impact on water 
quality from the discharge of toxic pollutants into water resources has been evaluated 
by measurements of specific chemical pollutants or more commonly surrogate 
chemical parameters in the discharge. A major drawback to this approach is the need 
for complex analytical techniques in the identification and quantification of all of the 
pollutants of interest. Furthermore, risk estimation derived solely from the presence of 
specific pollutants requires detailed knowledge of the toxicological properties of each 
pollutant both singly and in combinations. An alternative approach to water quality 
assessment involves the use of biological test systems for determining the 
toxicological impact of industrial and municipal discharges (Fatima and Ahmad, 
2006; Jung-Hwan Kwon et al, 2008; $ik et al, 2009). 
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There is an urgent need to characterize the mutagenic potential of many, yet 
untested, industrial effluents and of surface water into which they are discharged. The 
present study focuses on the mutagenic activity of industrial effluents, as determined 
by Ames Salmonella/mammalian microsome test, DNA repair defective E. coli K-12 
mutants and bacteriophage lambda systems. 
Materials and methods 
Sample collection 
Wastewater samples were collected as described earlier (Chapter II: General 
materials and methods). 
XAD-extraction 
For the concentration of organic constituents, a sample of 5 liter of wastewater 
was collected. Before concentration the water samples were filtered through two 
membrane filters with pore sizes of 8 [im and 0.45 \xm. The adsorption of organic 
constituents on the XAD-resins was carried out as described by Wilcox and 
Williamson (1986). An equal mixture of XAD-4/8 was used as described by Kool et 
al. (1981). The adsorbed organic material was then eluted with 20 ml of acetone 
(HPLC-grade). This eluate was evaporated to dryness and reconstituted in DMSO 
(HPLC-grade) such that 1 ml of extract was equivalent to 1 liter of original water. 
Samples were filter sterilized through 0.45 (jm filters and stored at -20°C until testing 
was completed. 
Liquid-liquid extraction 
Organochlorine and organophosphorus pesticides were extracted by liquid-
liquid extraction method as described by Singh et al. (1987), 1 liter of the 
homogenized wastewater samples were shaken vigorously thrice, each time using 50 
ml «-hexane (HPLC-grade). When the solvent and water layers were separated, the 
solvent layer was collected in conical flask. This hexane extract contained the 
organochlorine pesticides. Organophosphorus pesticides were extracted from the 
same water samples, which had already been extracted with hexane. Again in the 
same water samples, 50 ml chloroform (HPLC grade) was added each time and 
solvent and water layers were separated. This chloroform extract contained the 
organophosphorus pesticides. The extracted organic phase was evaporated at 40°C 
under reduced pressure with the help of vacuum pump and made up to 5 mi. These 
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samples were filtered through 0.45 ^m membrane filter before they were used for 
genotoxicity testing. 
Gas chromatographic analysis of pesticides in wastewater samples 
Analyses of the extracts were performed by Perkin Elmer CLARUS 500 gas 
chromatograph equipped with an electron capture detector. Instrument parameters and 
operating conditions {Column: ELITE5, Temperature: (Injector: 250°C, Detector: 
325T, Oven: 170 - 7°C/min ram to 220°C then increase 250T then 5°C/ram , hold 
time: 5.86 min, Carrier flow rate of nitrogen: Iml/min, and makeup 30ml/min)}. The 
peaks were identified by comparing their retention times with standards (Sigma-
Aldrich Bangalore, India). 
Salmonella Mutagenicity test 
The preincubation test was performed as described by Maron and Ames 
(1983) with some modifications (Pagano and Zeiger, 1992). Five doses of each water 
extracts of XAD concentrated (5, 10, 20, 40 and 50 |a,l/plate) and liquid-liquid 
wastewater extract (10, 20, 40, 80, and 100 [al/plate) were plated in triplicate with 
0.1ml of the bacterial culture. After incubating the test sample and bacterial culture 
for 30 min at 37°C, 2.0 ml top agar containing traces of histidine and biotin was 
added and contents were poured on minimal glucose agar plates. Plates were 
incubated at 37°C for 48-72 h. Negative and positive controls were included in each 
assay. The negative control plates contained bacteria and solvent (DMSO) but no test 
sample. Methyl methane sulphonate and sodium azide served as positive control. All 
the water extracts were also tested in the presence of (+S9) microsomal fraction, to 
which 20 |il of S9 liver homogenate mix per plate was added. The criterion used to 
classify the results as positive was similar to those of Vargas et al. (1993, 1995): 
number of revertants double the spontaneous yields accompanied by a reproducible 
dose-response curve. 
Treatment of Escherichia coli K-12 strains with XAD-concentrated and liquid-
liquid extracted water samples 
The SOS defective recA, lexA and polA mutants of Escherichia coli K-12 
strains as well as the isogenic wild type strains were harvested by centrifugation from 
an exponentially growing culture (1-3x10^ viable counts/ml). The pellets were 
suspended in 0.0IM MgS04 solution and treated with XAD-concentrated (40 |il) and 
liquid-liquid extracted (80 \i\) wastewater sample separately. Samples were 
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withdrawn at regular intervals, suitably diluted, and plated to assay the colony-
forming ability. Plates were incubated overnight at 37°C. Solvent control was also 
run simultaneously. 
Extracellular treatment of bacteriophage X with the test samples 
Purified bacteriophage X (10'° PFUs/ml) was incubated at 37°C with XAD-
concentrated (40 |il) and liquid-liquid extracted (80 \x\) wastewater sample. Aliquots 
of 0.1 ml were withdrawn at regular intervals, suitably diluted in 0.0 IM MgS04 
solution of pH 8.0 and allowed to adsorb on DNA repair defective and wild type hosts 
of E. coli K-12 strains at 37°C. The infective centers were plated on nutrient agar by 
the double layer method. Plaques were counted after overnight incubation at 37°C. 
Mutagenic index 
The number of his^ revertants in the sample was compared to the negative 
control by its mutagenic index value. 
Mutagenic index = Number of his'^  revertants induced in the sample/Number of his"^  
revertants induced in the negative control 
Mutagenic potential (M) 
The mutagenic potential of the test samples was calculated by the initial linear 
portion of the dose-response curve with tester strains. The slope (m) was obtained by 
the least square regression of the initial linear portion of the curve of initial dose-
response. 
Induction factor (Mi) 
The induction factor for various test strains for different water concentrates 
was evaluated as follows: 
Mi = In n-c/c 
Where n is the number of revertant colonies in the sample and c is the number 
of revertants in solvent control. The induction factor was calculated to determine the 
difference between two samples if the sensitivity pattern based on the slope (m) was 
similar. 
ANOVA 
To determine the significance of the number of his"^  revertants in the sample as 
compared to the control, one way ANOVA was done at P < 0.05. 
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Results 
Determination of pesticides and heavy metals in wastewater 
Gas chromatographic analysis of the wastewater samples by Uquid-liquid 
extraction procedure revealed the presence of pesticides, in which concentration of 
lindane was 57.55 ng/ml while the concentrations of a-endosulfan, P-endosulfan, 
chlorpyriphos and monocrotophos was 80.90, 220.9, 20.90 and 8.32 ng/ml 
respectively. Some unidentified peaks in the gas chromatograms were also observed 
in the test sample indicating the presence of other contaminants apart from the 
pesticides (Tablel; chapter III). 
Atomic absorption spectrophotometric analysis of the test wastewater samples 
revealed the presence of heavy metals Cr, Zn, Fe, Ni, Cu and Cd at the concentration 
of 21.3 )ag/ml, 22.4 )J.g/ml, 221 )xg/ml, 11.2 ^g/ml, 8.3 ^g/ml and 3.3 p-g/ml 
respectively (Table 1; chapter III). 
Reversion of the Salmonella tester strains in the presence of wastewater extracts 
Mutagenicity assessment of wastewater samples (XAD concentrated and 
liquid-liquid extracts) by Ames Salmonella test is summarized in Table 1-2. XAD 
concentrated sample exhibited maximum reversion at the dose level 40 [al/plate for all 
his' Salmonella tester strains. However liquid-liquid extracted sample displayed 
maximum reversion at the dose level 80 |il/plate and declined sharply beyond these 
doses. TA98 strain was the most responsive strain for both test samples in the 
presence and absence of S9 microsomal fraction. In terms of mutagenic index, TA98 
strain was most responsive strain, while other strains revealed weak response with the 
test samples (Table 1-2). In terms of mutagenic index, induction factor (Mi) and slope 
(m) of initial linear dose response curve, XAD concentrated sample was found to be 
more mutagenic than liquid-liquid extracted samples. The order of responsiveness 
based on the mutagenic index and induction factor in the presence and absence of S9 
fraction for XAD-concentrated and liquid-liquid extracted samples were as follows: 
TA98>TA97a>TA100>TA102>TA104 
However, the order of responsiveness of the tester strains based on the slope 
(m) in the absence and presence of S9 fraction for XAD-concentrated and liquid-
liquid extracted samples were as follows: 
TA98 > TA97a > TAIOO > TA104 > TA102 
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Slope of the initial linear dose response curve is determined by linear 
regression analysis. The value of slope (m) for TA98 strain in the presence and 
absence of S9 fraction was found to be highest in all tester strains for both the test 
samples, while high value of induction factor (Mi) was observed for TA98 with test 
samples. The significance of the responsiveness of tester strains with increasing doses 
was analyzed by one way ANOVA. The analysis showed that reversion of the tester 
strain increases significantly (P<0.05) in comparison to the negative control (Table 1-
2). 
A mixture of technical grade pesticides; lindane (57.55 ng/ml), a-endosulfan 
(80.90 ng/ml), p-endosulfan (220.9 ng/ml), chlorpyriphos (20.90 ng/ml) and 
monocrotophos (8.32 ng/ml) was prepared in the amounts and ratios comparable to 
their existence in the test wastewater samples to see their cumulative effect. 
Interestingly, we found a similar pattern of the responsiveness of various tester strains 
with the liquid-liquid extracted wastewater and pesticide mixture. The trend of 
mutagenicity in the presence of S9 fraction was also similar with the pesticides 
mixture as well as with the liquid-liquid extracted wastewater (Table 3). These strains 
(TA97a, TA98, TAIOO, TA102, and TA104) could be arranged in order of pesticide 
induced mutagenesis as follows: TA98 > TA97a > TAIOO > TA102 > TA104. 
The potency ranking was extreme for TA98 with and without metabolic 
activation in terms of net revertants (equivalents) per liter of XAD concentrated 
sample. The highest value was 58,250 revertants per liter for TA98 in the presence of 
S9 fraction compared with 47,250 revertants per liter in the absence of S9 fraction 
(Table 4), while liquid-liquid extracted water sample revealed maximum mutagenic 
activity, in the presence (18,312 revertants per liter) and absence (19,875 revertants 
per liter) of S9 fraction (Table 4) for the most responsive TA98 strain. 
On the basis of the above results, the toxicity of different test samples can be 
arranged in following order: XAD-concentrated water sample > liquid-liquid 
extracted water sample > pesticides mixture. 
Survival of £". coli K-12 with the test water samples 
Pattern of survival of DNA repair defective E. coli K-12 mutants {recA, lexA 
and polA) in the presence of test samples is shown in Fig I. All the mutants invariably 
exhibited a significant decline in their colony forming units (CPUs) as compared to 
their isogenic wild type counterparts. Damage occurred highest in the cell in presence 
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of XAD concentrated sample (40 ^1/mI) as compared to the liquid-liquid extracted 
wastewater sample and pure pesticide mixture at the dose level 80 \x\/m\ of culture. 
The survival ofpolA was 20.8% in the presence of XAD concentrated sample, while it 
was 31.9% in lexA strain after 6 h of treatment. The percentage of survival was 32%) 
in polA mutant when treated with liquid-liquid extracted wastewater and 45% in lexA 
after 6 h of treatment. The survival was also decreased when treated with pesticide 
mixture. The strains polA and lexA were found to be remarkably sensitive to the 
treatment (test samples) as compared to their isogenic wild-type counterparts. 
Survival of Bacteriophage X with the test samples 
Extracellular treatment of bacteriophage X with the test samples (XAD-
concentrated and liquid-liquid extracted) resulted significant loss of plaque forming 
units (PFUs) at a dose 40 )il/ml of culture (XAD concentrated) and 80 jil/ml of culture 
(liquid-liquid extract and pesticide mixture) (Fig 2). Decline was more pronounced in 
recA and lexA mutants in the presence of test samples as compared to their isogenic 
v^ild-type counterparts. The percentage of survival in lexA mutant in the presence of 
XAD concentrated sample was 15%) after 6 h of treatment, while it was 35.3%) in lexA 
mutant when the phage was treated with liquid-liquid extract after 6 h of treatment. 
The treatment of bacteriophage A, with a mixture of pure pesticides after 6 h also 
showed decline in PFUs. 
Discussion 
A number of analytical methods have been extensively used to identify the 
organic contaminants of polluted water (Betowski and Jones, 1988; Aleem and Malik, 
2005). These contaminants consist of both natural and synthetic compounds (Ahmad 
et al, 1987; §ik et a!., 2009). Analysis of the test samples revealed that the levels of 
almost all the pesticides in wastewater were above the maximum permissible limits 
(WHO, 1985). Ansari and Malik (2009a) evaluated industrial wastewater sample of 
Ghaizabad City, India and they fotmd that the concentration of pesticides in sampling 
site I for organochlorines; BHC, DDE, DDT, Dieldrin, Aldrin, and Endosulfan were 
of 27.06, 15.82, 18.41, 3.20, 0.93, and 1.82 ng/1, respectively and organophosphorus; 
Dimethoate, Malathion, Methylparathion, and Chlorpyriphos were 0.99, 1.75, 1.92, 
and 0.98 ng/1, respectively. Golfmopoulos et al. (2003) tested surface water samples 
of four rivers and five lakes for a period of two years for the determination of 
organochlorine pesticides by solid-phase extraction followed by gas chromatographic 
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techniques and they detected isomers of hexachlorocyclohexane, aldrin, dieldrin and 
endosulfan sulphate in the test samples. 
There are a large number of short-term bioassays for detecting genetic 
toxicity. These assays utilize a wide range of organisms and cell types and measure a 
variety of different genetic changes. The genetic damage detected represents DNA 
damage from point mutations to chromosomal mutations. However, there is no single 
test that adequately detects the types of genetic damage that induced by all chemical 
classes of genotoxic compounds and/or complex chemical mixture. Furthermore, only 
a limited number of tests can be utilized for detecting genetic damage from hazardous 
industrial waste site under field-conditions (Cabrera and Rodriguez, 1999). It is 
evident from the results that the wastewater samples turned out to be highly genotoxic 
by means of three test namely Ames Salmonella/mammalian microsome test, DNA 
repair defective E. coli K-12 mutants and bacteriophage lambda systems. Present 
findings indicated that the plate incorporation test of Ames assay exhibited increasing 
trends of mutagenicity at lower doses, which was followed by a toxic response at 
higher concentration of test samples (Tables 1-2). Moreover, the trends of 
mutagenicity (in terms of responsiveness of tester strains) in the presence of S9 
fraction was also similar with the pesticides mixture as well as with the liquid-liquid 
wastewater extracts (Table 3). Filipic (1995) extracted water samples with XAD-2 
resins and tested the mutagenicity with a modified Ames test. He found maximum 
mutagenicity with TA98 strain both in the presence and absence of S9 fraction. Malik 
and Ahmad (1995) screened raw wastewater samples comprising both domestic and 
industrial waste, and they demonstrated significant mutagenic activity with Ames 
tester strains TA102 and TA104. Siddiqui and Ahmad (2003) performed Salmonella 
assay for genotoxicity testing of wastewater samples of Aligarh region of India and 
found that TA98 and TA97a strains exhibited remarkable mutagenic response in the 
presence and absence of S9 fraction. In their findings, TA98 and TA97a strains 
exhibited maximum mutagenic response with wastewater sample (XAD 
concentrated), while TA102 and TA98 were most sensitive strains for the river water 
sample (XAD concentrated). Aleem and Malik (2003a) tested Yamuna River water 
(Mathura, India) by concentrating with XAD resins, and evaluated genotoxicity by the 
Ames SalmonellalraammaXian microsome test. Their result revealed that XAD 
concentrated water sample was more mutagenic with TA98 strain in the presence and 
absence of S9 fraction. Jolibois and Guerbet (2004) tested water samples from 
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wastewater treatment plant (WTP-A and WTP-B), they found strong mutagenic 
activity in WTP-A with TA102 strain in the absence of metaboHc activation (-S9), 
moderate mutagenicity with TA98 strain in the presence of S9 fraction and slight 
mutagenicity with TAIOO and TA98 strains in the absence of S9 fraction. Aleem and 
Malik (2005) reported maximum mutagenicity with TA98 strain with XAD 
concentrated water samples of Yamuna River water of Okhla (Delhi), India, both with 
and without metabolic acitivation. They reported that liquid-liquid extracted water 
samples were also mutagenic with one or more of the Ames tester strains. Jung-Hwan 
Kwon et al. (2008) concentrated water sample (XAD -2) from nine locations of the 
Kumho and tested with Salmonella, typhimurium TA98 strain to identify the source of 
mutagenicity. They observed high mutagenic activity in the presence of S9 fraction in 
the test samples. 
The survival pattern of recA, lexA and polA mutants of E. coli as well as 
isogenic wild-type counter parts in the presence of wastewater extracts is shown in 
Fig 1. The survival of polA was only 20.8% in the presence of XAD concentrated 
sample, while it was 31.9% in lexA strain after 6 h of treatment. The percentage of 
survival was 32% in polA mutant when treated with liquid-liquid extracted 
wastewater. It is postulated that the inducible error prone repair pathway presumably 
involving the recA and lexA genes which could potentially operate on several types of 
lesions in DNA, whether produced by radiation or environmental chemicals or by 
other agents (Walker, 1985; Malik and Ahmad, 1995; Rehana et al., 1996; Aleem and 
Malik, 2005). Rehana et al. (1996) tested the ability of water concentrates to induce 
the SOS response by means of DNA damage in E. coli cells. The recA, lexA and polA 
mutants of E . coli were found to be sensitive with the test samples, suggesting 
damage to the DNA of exposed cells as well as a role of recA,^ lexA^ and polA^ 
genes in coping with the hazardous effect of pollutants. Aleem and Malik (2003a) 
tested wastewater sample of Yamuna River at Mathura, India, with E. coli mutants 
and found that all mutants invariably exhibited significant decline in CPUs as 
compared to their isogenic wild type counterparts. They reported that survival was 
decreased by 86.7% and 65.1% inpolA' mutants with XAD concentrated sample and 
liquid-liquid extracted sample respectively. In another findings, Aleem and Malik 
(2005) tested Yamuna water sample (Okhla, Delhi) and found polA' mutant was most 
sensitive strain and survival was decreased by 86.3% and 75.5%o with XAD 
concentrated and liquid-liquid extracted sample respectively. Ansari and Malik 
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(2009a) evaluated wastewater of Ghaziabad City, India, for genotoxic activity; using 
DNA repair defective E. coli mutants and reported that survival was decreased by 
81.7% and 75.5% in polA' strain in site I, and 76% and 73.5% in site II under the 
same experimental conditions with XAD concentrated and liquid-liquid extracted 
samples respectively. 
Extracellular treatment of bacteriphage X with the wastewater extracts is 
shown in Fig 2. Wastewater extracts displayed significant loss in plaque forming units 
(PFUs) in the presence of test samples. The percentage of survival in lexA mutant in 
the presence of XAD concentrated sample was 15% after 6 h of treatment. The 
survival was 35.3% in lexA when the phage was treated with liquid-liquid extracted 
sample after 6 h of treatment under same experimental conditions. Aleem and Malik 
(2003a) also reported significant decline in the survival of bactriophage X with 
wastewater samples and also found that damage was more pronounced in lexA mutant 
when phage was treated XAD concentrated samples. 
In the bacterium E. coli, DNA damage or stalled DNA replication triggers a 
set of functions collectively called the SOS response. The regulation of the SOS 
response involves a repressor, the lexA protein, and an inducer, the recA protein. After 
DNA is damaged, an effector molecule is produced, possibly a single-stranded DNA 
which activates the recA protein to a form, catalysing the proteolytic cleavage of lexA 
protein. Since the lexA protein represses many genes including those involved in 
repair function, the proteolytic cleavage of lexA protein under SOS conditions results 
in the enhanced expression of the recA^ and lexA* genes also (d'Ari, 1985). The 
repressors of certain bacteriophages like that of Acl857 are also cleaved under the 
same conditions, resulting in the induction of lytic cycle in lysogen. In general, the 
substances that are genotoxic to higher eukaryotes also induce the SOS response in 
bacteria (Siddique et al., 2010). 
In conclusion, the different principles and biological end points of the 
Salmonella reversion test and of the E. coli DNA repair test, as well as the 
comparative data obtained in this study, clearly indicate that the two experimental 
models are not alternative but complementary, thus supporting the view that they 
should be conveniently combined in any battery of short-term tests predictive of 
mutagenicity. Our results suggest that wastewater of industrial area near a pesticide 
industry contained certain genotoxic agents which are capable of inducing mutations. 
Moreover, the test samples also initiate the SOS response and thus bring about 
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mutation in the bacterial DNA. Tiius, the genotoxic effect of the test water samples 
would obviously pose a risk of neoplastic transformations in humans. Therefore, 
consistently high levels of mutagenicity of the wastewater thus call for serious 
attention and remedial measures. 
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Table 4. Mutagenicity of wastewater samples in terms of net revertants/Iiter for the 
most responsive tester strain TA98 
Strain 
TA98 
S9 fraction 
+ 
Net revertants/liter 
Liquid - liquid XAD concentrated 
extracted water sample wastewater sample 
19,875 47,250 
18,312 58,250 
Abbreviation: S9, liver microsomal fraction; -, in the absence of S9; +, in the presence of S9 
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Chapter VI: 
Genotoxicity of soil 
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Introduction 
An unfortunate consequence of industrialization and industrial production is 
the generation and release of toxic waste products. Although these wastes can be 
treated, reused and recycled, large quantities of toxic material is released into the 
atmosphere, hydrosphere and lithosphere (Claxton et ai, 1988, 1998; Claxton and 
George, 2002). Although much of the waste is released directly into the atmosphere 
and hydrosphere (i.e., surface waters of lakes, rivers, and streams), land disposal 
activities, intentional or otherwise, contribute to direct contamination of surface soils 
and subterranean (groundwater) aquifers. Intentional land disposal activities such as 
landfills, lagoons, surface impoundments, ponds, septic systems, and land treatment 
are cost effective disposal strategies that take advantage of the enormous capacity of 
soil to retain and degrade toxic pollutants (Chakraborty and Konar, 2002; Chen and 
White, 2004). However, inadequate information about waste toxicity and post-
disposal behaviour, poor planning, improper disposal, and poor management of 
disposal sites has resulted in serious contamination problems at industrial and 
hazardous waste disposal sites (White and Claxton, 2004; Barra et ai, 2005). 
Pesticide effluents might be played an important role in the transmission of 
environmental carcinogens. These compounds are released into air eventually deposit 
on the ground and can be accumulated in surface soil; therefore, surface soil is 
thought to be a promising material for monitoring environmental pollution with 
mutagens and carcinogens. Indeed, many studies showed that organic extracts of soils 
from roadsides, parks (Watanabe et ai, 2005), agricultural land (Edenharder et ai, 
2000), residential sites (Knize et ai, 1987), and so forth exhibited mutagenicity and/or 
DNA damaging activity (Watanabe and Hirayama 2001; Courty et al, 2008; 
Watanabe et ai, 2008). Genotoxic compounds in soil may have an effect on human 
health in an exposed population through pathways such as inhalation of dust which 
contains these compounds, ingestion of plants that uptake the compounds from soil, 
and leaching of the compounds from soil to groundwater and surface water used as 
drinking water (Ehrlichmaim et ai, 2000; Watanabe and Hirayama, 2001; Covacia et 
ai, 2005; Watanabe et ai, 2008). 
There are several reports on the genotoxicity of soil contaminated with 
chemicals originating from industrial sources. The contaminants of these soil samples 
varied widely, e.g. polychlorinated biphenyl (PCBs), (Donnelly et al., 1988; De 
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Marini et al, 1992; Cotelle et ah, 1999) polycyclic aromatic hydrocarbons (PAHs), 
(Ehrlichmann et al, 2000) heavy metals,( Cotelle et al, 1999; Ehrlichmann et al, 
2000) solvents, (Cotelle et al, 1999) munition wastes, (Ehrlichmann et al, 2000) 
wood preserving wastes (McDaniels et al, 1993; Randerath et al, 1994) etc. Some 
authors reported about the mutagenic activity of pesticides, applying many biological 
assays (Siroki et al, 2001; Celik et al, 2003; Asita and Makhalemele, 2008; Stbckbrt 
et al, 2009). These bioassays provide a means for assessing the genotoxicity of 
complex mixtures without the need of precise chemical characterization. The 
genotoxicity of unknown mixture is usually evaluated by exposing such samples to 
living organisms which are further examined for genetic damage (Chenon et al, 2003; 
Martin et al, 2005; Mouchet et al, 2006; Lah et al, 2008). The Salmonella 
mutagenicity test for mutagens and environmental compounds is the most widely used 
short-term test (Claxton et al, 1992; Shukla et al, 2004). Soil samples need to be 
extracted before testing since they cannot be applied directly to aqueous test systems. 
Extractions are often performed using organic solvents (Courty et al, 2004, 2008). 
Application of wastewater to agricultural lands for enhancing crop 
productivity is a common practice in India as well as in many other countries from 
several decade. However, long-term irrigation with industrial effluents mixed with 
municipal wastewater has resulted in the excessive accumulation of toxicants in 
agricultural soils (such as heavy metals and polychlorinated substances from domestic 
and industrial wastes that enters the sewer system) and has brought a potential risk to 
human health due to the accumulation of toxicants through the food chain (Malik and 
Ahmad, 1995; Aleem and Malik, 2003b; Ansari and Malik, 2009b, Asya et al, 2009). 
Present study focuses on the genotoxicity of agricultural soil'irrigated with 
wastewaters discharged from industries for about more than two decades and ground 
water irrigated soil using Ames fe/mowe/Za/mammalian microsome test, DNA repair 
defective E. coli K-12 mutants and bacteriophage lambda systems. 
Materials and methods 
Gas chromatographic analysis of pesticides 
Analyses of the extracts were performed by Parkin Elmer CLARUS 500 gas 
chromatograph equipped with an electron capture detector. Instrument parameters and 
operating conditions {Column: ELITE5, Temperature: (Injector: 250°C, Detector: 
325°C, Oven: 170 - 7°C/min ram to 220°C then increase 250°C then 5''C/ram , hold 
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time: 5.86 min, Carrier flow rate of nitrogen: Iml/min and makeup 30ml/min}. The 
peaks were identified by comparing their retention times with the standards (Sigma-
Aldrich Bangalore, India). 
Extraction of soil samples with different solvents 
Extraction of soil with different solvents (hexane, acetonitrile, methanol, 
chloroform, and acetone) was done according to the method of Knize et al. (1987). 10 
g of soil was extracted with 10 ml of the extraction solvent. The extracts were 
centrifuged at 7000 rpm for 10 min. The extracts were evaporated to dryness and then 
re-dissolved in 1 ml of DMSO (SRL, India). These extracts were filtered sterilized 
through 0.45 \xm filters and stored at -20°C until testing was completed. 
Salmonella mutagenicity testing 
The preincubation test was performed as described by Maron and Ames 
(1983) with some modifications (Pagano and Zeiger, 1992). Five doses of each soil 
extract i.e. 1, 2, 4, 5 and 10 fil/piate (correspond to 10, 20, 40, 50, and 100 mg 
equivalent soil per plate) were plated in triplicate with O.lml of the bacterial culture. 
After incubating the test sample and bacterial culture for 30 min at 37°C, 2.0 ml top 
agar containing traces of histidine and biotin was added and contents were poured on 
minimal glucose agar plates. Plates were incubated at 37°C for 48-72 h. Negative and 
positive controls were included in each assay. The negative control plates contained 
bacteria and solvent (DMSO) but no test sample. Methyl methane sulphonate and 
sodium azide served as positive controls. All the soil extracts were also tested in the 
presence of (+S9) microsomal fraction, to which 20 \i\ of S9 liver homogenate mix 
per plate was added. The criterion used to classify the results as positive was similar 
to those of Vargas et al. (1993, 1995): number of revertants double the spontaneous 
yields accompanied by a reproducible dose-response curve. 
Mutagenic index 
The number of his* revertants in the sample was compared to the negative 
control by its mutagenic index value. 
Mutagenic index = Number of his"^  revertants induced in the samples /Number of his"^  
revertants induced in the negative control 
Mutagenic potential 
The mutagenic potential of the test samples was calculated by the initial linear 
portion of the dose response curve with tester strains. The slope (m) was obtained by 
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the least square regression of the initial linear portion of the curve of initial dose 
response. 
Induction factor (Mi) 
The induction factor for various test strains for different soil extracts evaluated 
as follows. 
Mi = In n-c/c 
Where n is the number of revertants in the samples and c is the number of 
revertants in solvent control. The induction factor was calculated to determine the 
difference between two samples if the sensitivity pattern based on the slope (m) was 
similar. 
ANOVA 
To determine the significance of the number of his"^  revertants in the samples 
as compared to the control, one way ANOVA was done at P < 0.05 using MINITAB 
Software, USA. 
Results 
Determination of pesticides in contaminated soil 
Gas chromatography analysis of the soil samples revealed the presence of a 
high level of organochlorine pesticides. The concentration of lindane in the 
contaminated soil was 547 ng/g, while a- endosulfan and P- endosulfan were detected 
at the concentrations of 422 ng/g and 421 ng/g respectively. Some unidentified peaks 
in the gas chromatograms were also observed in the test samples indicating the 
presence of other contaminants. 
Reversion of the Salmonella tester strains in the presence of soil extracts 
The results of the mutagenicity assessment by Ames assay conducted in the 
presence and absence of S9 mix in different Salmonella tester strains at the dose of 
10, 20, 40, 50 and 100 mg equivalent soil per plate for soil samples irrigated with 
v/astewater and groundwater extracted with different solvents is summarized in Table 
1-5. In general maximum reversion of his" tester strains were observed at the dose of 5 
(.il (50 mg equivalents soil per plate) in soil irrigated with wastewater sample and 
reversion of all Salmonella tester strains were declined beyond this dose. Reversion of 
his' tester strains were found to be low at the same dose with extracts of soil irrigated 
with groundwater. A significant mutagenic activity was observed with the extracts of 
soil irrigated with wastewater as compared to groundwater irrigated soil (Table 1-5). 
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TA 98 was found to be most responsive strain in terms of mutagenic index, while 
other strains revealed weak response against the test samples. The order of 
responsiveness based on the mutagenic index in the presence and absence of S9 
fraction for different soil extracts were as follows: 
Hexane extract of soil irrigated with wastewater 
- S9: TA98 > TA97a > TA 102 > TA 104 > TAl 00 
+ S9: TA98 > TA97a > TAIOO > TA102 > TA104 
Acetonitrile extract of soil irrigated with wastewater 
- S9 and + S9: 
TA98 > TA97a > TA 100 > TA 102 > TA 104 
Methanol extract of soil irrigated with wastewater 
- S9: TA98 > TA97a > TAIOO > TA102 > TA104 
+ S9: TA98 > TA97a > TAIOO > TA104 > TA102 
Chloroform extract of soil irrigated with wastewater 
-S9: TA98 > TA97a> TAIOO > TAl02 > TA104 
+S9: TA98 > TA97a > TA102 > TAIOO > TA104 
Acetone extract of soil irrigated with wastewater 
-S9: TA98 > 97a > TA104 > TAIOO > TA102 
-fS9: TA98 > TA97a > TAIOO > TA102 > TA104 
TA98 was also the most responsive strain in terms of induction factor (Mi) for 
all the extracts (soil irrigated with wastewater). In case of groundwater irrigated soil 
samples mutagenic index for all tester strains is nearly same for almost all the soil 
extracts, while induction factor (Mi) is very low as compared to the wastewater 
irrigated soil. The mutagenicity of soil extracts of wastewater irrigated soil was 
compared to ground water irrigated soil in terms of mutagenic potential and it was 
found that the slope (m) of initial dose response curve have higher values in 
wastewater irrigated soil as compared to ground water irrigated soil. The order of 
mutagenicity with soil extracts (soil irrigated with wastewater) in terms of mutagenic 
potential of initial linear dose response for the most sensitive strain TA98 with and 
without S9 fraction is in the following order: hexane > acetonitrile > methanol > 
chloroform > acetone. 
The significance of the reversion of tester strains with increasing doses was 
determined by one way ANOVA. The analysis showed that reversion of the tester 
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Strains increases significantly (P<0.05) in comparison to the negative control (Table 
1-5). 
Mutagenicity of soil extracts by different solvents in terms of net revertants is 
given in Table 6. Net revertants per gram of soil extracts (soil irrigated with 
wastewater) of hexane, acetonitrile, methanol, chloroform and acetone for the most 
responsive TA98 strain in the presence of S9 fraction was 46900, 45700, 42800, 
26500, and 25200 revertants/gm respectively and in the absence of S9 fraction was 
42000, 37300, 32500, 19400, and 17600 revertants/gm respectively (Table 6). 
Survival ofE. coli K-12 with soil extracts 
The survival of recA, lexA and polA mutants of DNA repair defective E. coli 
K-12 and their isogenic wild-type counterparts in the presence of soil extracts is 
shown in Fig 1. All the mutants invariably exhibited a significant decline in the 
colony forming units (CPUs) as compared to their isogenic wild type counterparts. 
Maximum damage was observed in polA mutant in the presence of soil extracts 
(v/astewater irrigated). Survival was only 15.2% in polA mutant when strains were 
treated with hexane extract of soil irrigated with wastewater after 6 h of treatment, 
while for acetonitrile, methanol, chloroform and acetone, it was 20.0%, 30.2%, 35.0% 
and 39.3%) respectively (Fig 1). However, the survival was 65.4%), 66.0%), 70.3%, 
72.4% and 75.7% in polA strain after 6 h of treatment when treated with ground water 
irrigated soil extracts of hexane, acetonitrile, methanol, chloroform and acetone 
respectively. 
Survival of Bacteriophage k with soil extracts 
Extracellular treatment of bacteriophage A, with soil extracts is shown in Fig 2. 
The decline in plaque forming units (PFUs) was more pronounced in lexA mutants as 
compared to their wild type counterparts in the presence of wastewater irrigated soil 
extracts. Percentage of survival was 12.2%, 25.0%, 49.2%, 55.2% and 56.3% in lexA 
strain after 6 h of treatment with wastewater irrigated soil extracts of hexane, 
acetonitrile, methanol, chloroform and acetone respectively. However, survival was 
63.4%, 65.0%, 68.3%, 75.4% and 78.7% in lexA strain after 6 h of treatment when 
phage was treated with groundwater irrigated soil extracts of hexane, acetonitrile, 
methanol, chloroform and acetone respectively. Damage was highest in the cells when 
treated with hexane extracted soil sample (wastewater irrigated soil extract) as 
compared to the groundwater irrigated soil extracts after 6 h of treatment. 
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Discussion 
Soil contamination is the result of human activity, including the entry of 
industrial wastes into soil through atmospheric deposition or application of 
agrochemicals and domestic waste to the land. These organic contaminants reduce the 
soil quality for agricultural production. Soils are very important in the fate and 
distribution of persistent toxic substances in the environment since they have a huge 
retention capacity and they may work as re-emission sources for the atmosphere 
(Sanghai and Sasi, 2001; Barra et al, 2005). Organochlorines (OC) are the commonly 
used pesticides in agricultural field for crop protection in which lindane and 
endosulfan is most common insecticides. Lindane (HCH) contaminated soils can be 
found in most countries of the world (Abhilash and Singh, 2010). 
Hans et al. (1999) tested soil samples from dry bed of the River Ganges at 
Kanpur (India) and they reported pesticides hexachlorocyclohexane (HCH), 
dichlorodiphenyl trichloroethane (DDT) their isomers and metabolites in all the 
samples. Mean levels of 109.35, 136.76 and 145.93 ^g HCH/kg and 6.64, 49.3 and 
46.70 i^ g DDT/kg were reported in the rural upstream, city and downstream industrial 
areas, respectively. Prakash et al. (2004) evaluated 45 soil samples of surface and 
subsurface soils from agricultural sites of Delhi, Haryana, Haridwar, Uttar Pradesh 
and also around the pesticide industry, Chinhat industrial area, Lucknow, (India) for 
the presence of residues of HCH isomers. They found residues of y5-HCH (2.5 |ig/kg 
to 463 mg/kg of soil) in 39 of the 45 soil samples, y-HCH (0.08 |ig/kg to 43.00 
mg/kg) in the remaining soil samples, whereas a-HCH (0.04 |ig/kg to 98.00 mg/kg of 
soil) and 8- HCH (0.07 i^g/kg to 458.00 mg/kg of soil) were detected less frequently. 
In the present study, the pesticides lindane, a- endosulfan and P- endosulfan were 
detected at the concentration of 547 ng/g, 422 ng/g and 421 ng/g in agricultural soils 
of industrial area. 
Genotoxicity assessment of soil have employed many assays to detect DNA 
damaging ability and mutagenicity (Alexander et al, 2002), in which Ames test 
developed by Ames (1971), is one of the important assay for testing mutagenicity of 
environmental samples such as soil and water. In vitro Salmonella/micmsome assay 
with rat liver microsomal fraction (+S9) is one of the most frequently used test for 
assessing the mutagenic potential for both pure compound and complex mixture 
(Aleem and Malik, 2003b; Karabay and Oguz, 2005; Ansari and Malik, 2009). 
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Karabay and Oguz (2005) reported that TA98 and TAIOO were sensitive strains at all 
dose of insecticides in the presence of metabolic activation (+S9). Tzoneva et al. 
(1985) monitored the genotoxic effect of pesticides (endodan and kilacar) by Ames 
test at the concentrations of 7.5 and 12.0 ^g/plate together with S9 mix and observed 
that it induced base-pair substitutions in the TAIOO strain oiSalmonella typhimurium 
at low level, while kilacar was found to be a weak mutagen in the TA97 strain of 
Salmonella typhimurium at the concentrations of 2.5 and 5.0 |ig/plate together with S9 
mix. Ruiz and Marzin (1996) tested the genotoxicity of six pesticides (atrazine, 
captafol, captan, chlorpyriphosmethyl, molinate and tetrachlorvinphos) by two in vitro 
tests (Ames test and SOS chromotest) with and without S9 mix of rat liver 
homogenate and demonstrated that captan and captafol were genotoxic in both the 
Ames test and the SOS chromotest. Watanabe et al. (2008) collected surface soil from 
12 sites in Kyoto City, Japan and their organic extracts were examined by the 
Amos/Salmonella assays. TA98 was the most responsive strain in the presence and 
absence of metabolic activation S9 for almost all the test samples. Sasek et al. (2003) 
used Ames test for the genotoxicity testing of contaminated soil they also found 
frameshift-mutation type of mutagenic activity with S9 metabolic activation in 
Salmonella typhimurium strain TA98. Knize et al. (1987) tested the genotoxicity of 
soil using different solvents employing Ames test and reported that TA98 was most 
responsive strain. They also reported net revertants/kg soil; acetonitrile extract 
produced 298,000 his^ revertants/kg of soil for the most sensitive strain TA98, while 
the strain TAIOO was less sensitive producing 73,000 his^ revertants/kg of soil. 
Courty et al. (2004) also reported that TA98 strain exhibited maximum response with 
the test soil samples. 
Much of the published Salmonella mutagenicity data revealed that TA98 
strains were the most responsive strains in Ames testing for soil extracts, often 
obtained in the presence of S9 metabolic activation. It suggests that much of the 
mutagenicity in contaminated soils is S9 activated frameshift activity (Zemanek et al., 
1997; DeMarini et al., 1992; Donnelly et al, 1991; Davol et al, 1989; Barbee et al, 
1992; Aleem and Malik, 2003b; Ansari and Malik, 2009b). 
The survival pattern of recA, lexA and polA mutants of E. coli as well as 
isogenic wild-type counter parts in the presence of soil extracts is shown in Fig 1. 
Survival was 15.2% in polA mutant when strains were treated with hexane extract of 
soil irrigated with wastewater after 6 h of treatment, while for methanol, acetonitrile, 
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chloroform and acetone extracts it was 20,0%, 30.2%, 35.0%) and 39.3%o respectively. 
Extracellular treatment of bacteriophage lamda with the soil extracts is shown in Fig 
2. lexA was the most sensitive strain with wastewater extracts. Siddique et al. (2010) 
evaluated genotoxicity of certain water bodies by DNA repair defective mutants of 
Escherichia coli and induction of prophage lamda in the lysogen assays. In their 
study, DNA repair defective mutants invariably exhibited more sensitivity than their 
isogenic wild-type strains, and they also observed significant level of phage induction 
with samples. The recA, lexA and polA mutants were found to be highly sensitive to 
treatment with their test samples suggesting, that the damage to the DNA of the 
exposed cells as well as the role of recA , lexA* and polA* genes to cope with their 
hai^ardous effect. The role of these genes in the SOS repair of E. coli K-12 is well 
documented (Walker, 1995; Coureclle and Hanawalt, 2001). Prophage induction by 
radiation, chemicals and other mutagenic compounds has been well established and is 
considered to be one among the many SOS responses (De Marini et al., 1994; 
Cabrera, 2000; Vargas et at, 2001). The efficacy of the E. coli K-12 repair defective 
mutants in assaying the genotoxicity of surface water and industrial waste has been 
reported by Malik and Ahmad (1995) and Rehana et al. (1996). 
Our study on mutagenicity assessment of contaminated soil in the vicinity of 
industrial area revealed that the soil was highly polluted with the pesticides lindane, 
a-endosulfan, and P-endosulfan and other mixture of genotoxins. In the present study, 
TA98 was the most responsive strain in terms of mutagenic index, mutagenic 
potential and induction factor. In Salmonella typhimurium strains, frame shift tester 
strain TA98 and base-pair substitution strain TAIOO have strings of GC (guanine-
cytosine) base pairs at the critical site for reversion (growth without histidine). These 
findings clearly indicated that the test samples preferentially act on G-C base pair 
mutants (frame shift) as compared to those having A-T base pairs at the site of 
mutation and also initiate the inducible error prone SOS response within the soil 
extracts treated E. coli mutants. In view of the common practice of application of 
untreated wastewater to agricultural land in the neighboring area should be strictly 
prohibited as the pollutants might enter into the food chain and cause health hazards 
to humans. 
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Table 6. Mutagenicity of wastewater irrigated soil extracts by different solvents 
in terms of net revertants per gram soil for most responsive TA98 strain 
Strain S9 
fraction 
TA98 -
+ 
Net revertants/gm 
Methanol Acetonitrile 
32500 37300 
42800 45700 
Chloroform 
19400 
26500 
Hexane 
42000 
46900 
Acetone 
17600 
25200 
Abbreviation: S9, iiver microsomal fraction; -, in the absence of S9; +, in the presence 
ofS9. 
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Wild type (recA*, lexA*' 
polA 
recA 
lexA 
polA' 
(a) 
5 
3 
(A 
«•< 
C 20 
s. 
(C) 
100 I . 
80 • 
(D) (d) 
Time (h) 
Figure 1. Survival of E. coli K-12 strains treated with different soil extracts; 
groundwater irrigated soil (GW) and wastewater irrigated soil (WS): (A) hexane 
extract (GW), (a) hexane extract (WS); (B) acetonitrile extract (GW), (b) acetonitrile 
extract (WS); (C) methanol extract (GS), (c) methanol extract (WS); (D)) chloroform 
extract (GW), (d) chloroform extract (WS) and; (E) acetone extract (GW), (e) acetone 
extract (WS). 
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Time (h) 
Figure 2. Survival of extracellularly treated bacteriophage X, with different soil 
extracts; ; groundwater irrigated soil (GW) and wastewater irrigated soil (WS): (A) 
hexane extract (GW), (a) hexane extract (WS); (B) acetonitrile extract (GW), (b) 
acetonitrile extract (WS); (C) methanol extract (GS), (c) methanol extract (WS); (D)) 
chloroform extract (GW), (d) chloroform extract (WS) and; (E) acetone extract (GW), 
(e) acetone extract (WS). 
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Summary 
Industrial wastes and effluents are undesirable by-products of economic 
development and technological advancement. Hazardous wastes include chemical 
compounds, effluents, discharges, sludges, and wastewaters from industrial sources, 
air borne pollutants released from industries or waste sites. When improperly handled 
and disposed, industrial wastes imperil both human health and environment. 
Application of wastewater to agricultural lands for enhancing crop 
productivity is a common practice in India as well as in many other countries from 
several decades. However, long-term irrigation with industrial effluents mixed with 
n:iunicipal wastewater has resulted in the excessive accumulation of toxicants in 
agricultural soils (such as heavy metals and polychlorinated substances from domestic 
and industrial wastes that enters the sewer system) and has brought a potential risk to 
human health due to the accumulation of toxicants through the food chain. 
Genetic recombination, and more specifically the horizontal transfer of genes 
within and between bacterial populations is commonly regarded as an important 
mechanism in the selective adaptation of bacteria to changes in the local environment. 
For the terrestrial environment (soil) the transfer of conjugative plasmids is probably 
the best studied and is argued to be the most important means of gene transfer because 
these genetic elements contain independent replicons, encode dedicated transfer 
mechanism, and can mobilize advantageous factors. 
Conjugative gene transfer mediated by plasmids with broad-host-range is 
generally believed to be a common and widespread mechanism for the transfer of 
genes across a broad phylogenetic range of bacteria. Within the proteobacteria, broad-
host-range (BHR) plasmids have been defined as those plasmids that can be 
introduced and stably maintained in bacterial species from at least two subgroups (e.g. 
between a and p-proteobacteria). The well known self transmissible BHR plasmids 
belong to the incompatibility groups IncP, IncN, IncW and Inc U. For instance, RP4 is 
an IncP plasmid, R388 is an IncW and the IncN plasmids are represented by pKMlOl, 
and RSFIOIO is an IncQ plasmid. IncP, IncN, IncW and IncQ plasmids are commonly 
found in different soil samples and pig manure slurries. 
Traditionally the impact of toxic pollutants discharged into water resources or 
soil have been evaluated by measurement of specific chemical pollutants or perhaps 
more commonly surrogate chemical parameters in the discharge. A major problem for 
this approach is the need for complex analytical technique in the identification and 
quantification of all the pollutants of interest. Furthermore, risk estimation derived 
solely from the presence of specific pollutants requires detailed knowledge of the 
toxicological properties of these pollutants both singly or in combination. An 
alternative approach for testing contaminated soil or water involves the use of 
biological test system for determining the toxicological impact of industrial and 
municipal discharges. 
Present study focused to assess the genotoxicity of wastewater and soil 
irrigated with wastewater of Chihnat industrial area, Lucknow (UP), India near 
pesticide industry to predict the putative hazards of wastewater. An additional aim of 
the study is to test the pesticide tolerance and multi-resistance in bacteria as well as 
the presence of conjugative plasmids in these bacterial isolates. 
The findings of the study along with their explanations are summarized as 
under: 
I. Characterization of conjugative plasmids in pesticide tolerant and multi-
resistant bacteria 
*l* Gas chromatography analysis of the soil samples revealed the presence of 
lindane at a concentration of 547 ng/g and a-endosulfan and p-endosulfan of 
422 ng/g and 421 ng/g respectively. 
••• Atomic absorption spectrophotometry analysis of the soil sample was done 
and Cr, Zn, Fe, Ni, Cu and Cd were detected at the concentrations of 36.2, 
42.5, 241, 43.2, 13.3 and 11.20 mg/kg respectively. Wastewater samples 
revealed the presence of heavy metals Cr, Zn, Fe, Ni, Cu and Cd at the 
concentrations of 21.3 (ig/ml, 22.4 (^ g/ml, 221 (xg/ml, 11.2 |ig/ml, 8.3 |ig/ml 
and 3.3 |J,g/ml of water respectively. 
*t* More than 100 bacteria were isolated from agricultural soil irrigated with 
wastev/ater from Chinhat industrial area, Lucknow, India. A total of 35 
bacterial isolates were finally selected on the basis of their MIC against 
pesticides and heavy metals for further study. 
•t* Minimum inhibitory concentrations of all bacterial isolates were determined 
for pesticides and heavy metals. A maximum MIC of 3200 |J.g/mi was 
observed for the pesticides lindane, endosulfan, chlorpyriphos, monocrotophos 
and captan, whereas 1600 |ig/ml was observed for folpet. 
<• All pesticide tolerant bacteria were also tested for their resistance to heavy 
metals (Cd, Zn, Pb, Ni, Cu and Cr). A maximum MIC of 100 |ig/ml for Hg, 
Ill 
800 ng/ml for Cr, 400 ^g/ml for Ni, Cu and Cd, and 3200 |ig/ml for Pb was 
observed. 
*l* Majority of the pesticide tolerant and metal resistant bacteria were also 
resistant to one or more antibiotics tested. 
*> All the multi-resistant/tolerant bacterial isolates were also tested for the 
presence of incompatibility (Inc) group IncP, IncN, IncW, IncQ plasmids and 
for rolling circle plasmids of the pMV158-type by PCR. 
<• PCR amplification of the bacterial isolates and soil DNA revealed the 
presence of IncP-specific sequences {trfA2 and oriT) which was confirmed by 
dot blot hybridization with RP4-derived DIG-labelled probes. Plasmids 
belonging to IncN, IncW and IncQ group were neither detected in the bacterial 
isolates nor in total soil DNA. 
••• Bacterial isolates were identified by 16S rDNA sequencing and isolates WR7, 
WR17, WR19, WR21, WR22, WR24, WR33 and WR35 were found to be 
most similar to Pseudomonas aeruginosa (accession no.GQ922652), 
Pseudomonas aeruginosa (accession no.GU384325), Pseudomonas sp.GS8 
(accession no.GU384329), Pseudomonas sp.IVl9J918 (accession 
no.GU384328), Citrobacter sp.Azor-5 (accession no.GU384326), 
Pseudomonas sp.CL-3 (accession no.384327), Acinetobacter Iwoffii 
(accession no.GU384330) and Enterobacter radicinitans (accession no. 
GU384332) respectively. 
These findings clearly indicated that the soil was highly contaminated with the 
pesticides lindane, a-endosulfan, and P-endosulfan as well as with several heavy 
metals. Maximum MICs of bacterial isolates for pesticides and heavy metals showed 
that bacteria surviving in these contaminated soil were highly tolerant or resistant to 
the pesticides/heavy metals and simultaneously resistant to antibiotics. IncP specific 
DNA sequences {trfA2 and oriT) were detected which revealed that IncP plasmids are 
prevalent in these bacteria isolated from soil irrigated with wastewater. The presence 
of IncP plasmids in these bacterial isolates suggest that pesticide contamination has 
applied selective pressure for proliferation of these plasmids, as IncP plasmids are 
involved in catabolic pathways of pollutants (pesticides/metals). Present findings 
suggest the role of conjugative plasmids as contributors to maintenance and spread of 
adaptive traits (pesficide tolerance/metal and antibiotic resistance) in microbial 
communities. 
IV 
II. Exogenous isolation of conjugative plasmids from soil 
<• Exogenous plasmid isolation method was used to assess the conjugative 
plasmids from contaminated soil using bacteria detached from soil sample as 
donor and rifampicin resistant E. coli HMS as recipient strain on mineral salt 
agar medium supplemented with pesticides and antibiotics: 
*\* Transconjugants were picked up from mineral salt agar (MSA) plates either 
with ampicillin (10 i^g/ml) or tetracycline (20 |ag/ml) supplemented with 
pesticide (y-HCH 100 |-ig/ml) as a sole carbon source. 
•J* The frequency of gene transfer of tetracycline resistant transconjugants was 
9.2 X 10," whereas, ampicillin was 7.2 x 10" . 
••• Each putative transconjugant was also tested on the basis of MIC against 
different pesticides and metals. A maximum MIC of 3200 |ig/ml against 
lindane was observed, whereas MIC of endosulfan, chlorpyriphos, 
monocrotophos and captan was 1600 |ig/ml. However, maximum MIC of 25 
|ig/ml for Hg, 400 |ag/ml for Cr, Cu, Cd, Ni was observed in the selected 
transconjugants. 
<• PCR typing method was conducted to assess the presence of plasmids of the 
incompatibility groups IncP, IncN, IncW, IncQ and rolling circle pMV158 
type in the DNA derived from transconjugants. IncP, IncW, and rolling circle 
plasmids of pMV158 type were detected in the transconjugants. 
• Five of the transconjugants; 3 positive PCR for Inc?irfA2&onT specific sequence 
from tet and 2 positive PCR for IncWo,.,r specific sequence from ampicillin 
plates were selected for plasmid isolation and it was found that 
transconjugants harbor one or more plasmids of different sizes when compared 
with standard DNA marker. 
In this study, transconjugants isolated by exogenous plasmid isolation in 
biparental mating indicate that genes for the tolerance of pesticides and 
metals/antibiotic resistance can be distributed by conjugative plasmids in the natural 
environment. Consequently, the availability of different incompatibility group 
plasmids indicate that pesticide/metal contamination has applied selective pressure for 
proliferation of these different plasmids and diverse gene cassettes are assembled into 
catabolic pathways of pollutants having different origins. Our observations are also 
contributing to the understanding of gene exchange between bacteria in dynamically 
developing ecosystems and underline the importance of describing the succession of 
bacterial populations indigenously present in such system due to contamination 
events. 
III. Genotoxicity of wastewater 
• Gas chromatography analysis of the wastewater revealed the presence of 
certain organochlorine and organophosohorus pesticides viz., lindane, a-
endosulfan, P-endosulfan, chlorpyriphos and monocrotophos. 
<• The mutagenicity of the wastewater samples was evaluated with XAD 
concentrated and liquid-liquid extracted samples using Ames 
Salmonella/mammalian microsome test and it was found that the test samples 
revealed maximum response with TA98 strain in the presence and absence of 
S9 metabolic activation. 
• In terms of mutagenic index, induction factor (Mi) and slope (m) of initial 
linear dose response curve, XAD concentrated sample was found to be more 
mutagenic than liquid-liquid extracted samples. 
<• A mixture of technical grade pesticides; lindane (57.55 ng/ml), a-endosulfan 
(80.90 ng/ml), p-endosulfan (220.9 ng/ml), chlorpyriphos (20.90 ng/ml) and 
monocrotophos (8.32 ng/ml) were prepared in the amounts and ratios 
comparable to their existence in the test sample to see their cumulative effect. 
Interestingly, we found a similar pattern of the responsiveness of various tester 
strains with the liquid-liquid extracted wastewater and pesticide mixture. 
• On the basis of the toxicity; different test samples can be arranged in order of 
toxicity as follows: XAD-concentrated water sample > liquid-liquid extracted 
water sample > pesticides mixture. 
<• The recA, lexA, and polA mutants of E. coli K-12 were highly sensitive in 
presence of test samples. Damage occurred highest in the cell in presence of 
XAD concentrated sample (40 (al/ml) as compared to the liquid-liquid 
extracted wastewater and pesticide mixture. 
<• lexA and polA mutants were found to be most sensitive strains in the presence 
of test samples. 
<• Extracellular treatment of bacteriophage X with test samples resulted 
significant loss of plaque forming units (PFUs) at a dose 40 ^l/ml of culture 
(XAD concentrated) and 80 |il/ml of culture (liquid-liquid extract and 
pesticide mixture). 
VI 
The different principles and biological end points of the Salmonella reversion 
test and of the E. coli DNA repair test, as well as the comparative data obtained in this 
study, clearly indicate that the two experimental models are not alternative but 
complementary, thus supporting the view that they should be conveniently combined 
in any battery of short-term tests predictive of carcinogenicity. Our results suggest 
that wastewater of industrial area contained certain genotoxic agents which are 
capable of inducing mutations. Moreover, the test samples also initiate the SOS 
response and thus bring about mutation in the bacterial DNA. Thus, the genotoxic 
effect of the test water samples would obviously pose a risk of neoplastic 
transformations in humans. Therefore, consistently high levels of mutagenicity of the 
wastewater thus call for serious attention and remedial measures. 
IV. Genotoxicity of soil 
<• Soil samples were extracted with different solvents (hexane, acetonitrile, 
methanol, chloroform and acetone) and assayed for mutagenicity using Ames 
Salmonella/msimmdiYiSin microsome test. 
••• Agricultural soil irrigated with wastewater was found to be most responsive to 
the Salmonella tester strains as compared to that of ground water irrigated soil. 
• All samples exhibited maximum mutagenicity with TA98 strain in the 
presence as well as in the absence of 89 metabolic activation. There was an 
increase in the reversion of tester strains with increasing doses upto 5 |al/plate 
and a decline at the dose of 10 |il/plate. 
••• Hexane extract of agricultural soil irrigated with wastewater was found to be 
more mutagenic than other extracts. Extraction of soil with acetonitrile, 
methanol, chloroform and acetone also displayed the maximum mutagenicity 
with TA98 strain both in the presence and absence of S9 metabolic activation. 
<• The order of mutagenicity of soil extracts (soil irrigated with wastewater) in 
terms of mutagenic potential of initial linear dose response for the most 
sensitive strain TA98 with and without S9 fraction is in the following order: 
hexane > acetonitrile > methanol > chloroform > acetone. 
<• Net revertants per gram of soil extracts (soil irrigated with wastewater) of 
hexane, acetonitrile, methanol, chloroform and acetone for the most 
responsive TA98 strain in the presence of S9 fraction was 46900, 45700, 
42800, 26500, and 25200 revertants/gm respectively and in the absence of S9 
vu 
fraction was 42000, 37300, 32500, 19400, and 17600 revertants/gm 
respectively. 
••• A significant decline in the survival of recA, lexA, and polA mutants of E. coli 
K-12 was observed as compared to their isogenic wild-type counterparts with 
different soil extracts. 
*X* polA mutant was found to be most sensitive strains when tested with soil 
extracts but the decline was more pronounced when they were treated with 
wastewater imgated soil extracts of soil than groundwater extracted soil. 
<• Survival was only 15.2% in polA mutant when treated with hexane extract of 
soil irrigated with wastewater after 6 h of treatment, while for acetonitrile, 
methanol, chloroform and acetone, it was 20.0%, 30.2%, 35.0%) and 39.3% 
respectively. 
•:• Survival was 65.4%, 66.0%, 70.3%, 72.4% and 75.7% in polA strain after 6 h 
of treatment when treated with ground water irrigated soil extracts of hexane, 
acetonitrile, methanol, chloroform and acetone respectively. 
<• Extracellular treatment of bacteriophage X with soil extracts resulted 
significant loss of plaque forming units (PFUs) at a dose of 5 )il/ml of culture. 
••* The decline in plaque forming units (PFUs) was more pronounced in lexA 
strain as compared to their wild type counterparts in the presence of 
wastewater irrigated soil extracts. 
Our study on mutagenicity assessment of contaminated soil in the vicinity of 
industrial area revealed that TA98 was the most responsive strain in terms of 
mutagenic index, mutagenic potential and induction factor. In Salmonella 
typhimurium strains, frame shift tester strain TA98 and base-pair substitution strain 
TAIOO have strings of GC (guanine-cytosine) base pairs at the critical site for 
reversion (growth without histidine) in contrast to TA102 and TA104. These findings 
clearly indicated that the test samples preferentially act on G-C base pair mutants 
(frame shift) as compared to those having A-T base pairs (TA102 and TA104) at the 
site of mutation and also initiate the inducible error prone SOS response within the 
soil extracts treated E. coli mutants. In view of the common practice of application of 
untreated wastewater to agricultural land in the neighbouring area should be strictly 
prohibited as the pollutants might enter into the food chain and cause health hazards 
to humans. 
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A B S T R A C T 
A total of 35 bacteria from contaminated soil (cultivated fields) near pesticide industry from Chinhat, Luc-
know, (India) were isolated and tested for their tolerance/resistance to pesticides, heavy metals and anti-
biotics. Bacterial isolates were identified by 16S rDNA sequencing. Gas Chromatography analysis of the 
soil samples revealed the presence of lindane at a concentration of 547 ngg ' and a-endosulfan and 
p-endosulfan of 422 ngg"' and 421 ngg"' respectively. Atomic Absorption Spectrophotometry analysis 
of the test sample was done and Cr, Zn, Ni, Fe, Cu and Cd were detected at concentrations of 36.2, 42.5, 
43.2, 241, 13.3 and 11.20mgl<g"' respectively. Minimum inhibitory concentrations of all the isolates 
were determined for pesticides and heavy metals. All the multi-resistant/tolerant bacterial isolates were 
also tested for the presence of incompatibility (Inc) group IncP, IncN, IncW. IncQ plasmids and for rolling 
circle plasmids of the pMVlSS-family by PCR. Total community DNA was extracted from pesticide con-
taminated soil. PCR amplification of the bacterial isolates and soil DNA revealed the presence of IncP-spe-
cific sequences (rr/A2 and oriT) which was confirmed by dot blot hybridization with RP4-derived DIG-
labelled probes. Plasmids belonging to IncN, IncW and IncQ, group were neither detected in the bacterial 
isolates nor in total soil DNA. The presence of conjugative or mobilizable IncP plasmids in the isolates 
indicate that these bacteria have gene transfer capacity with implications for dissemination of heavy 
metal and antibiotic resistance genes. We propose that IncP plasmids are mainly responsible for the 
spread of multi-resistant bacteria in the contaminated soils. 
© 2011 Elsevier Ltd. All rights reserved. 
1. Introduction 
The tremendous increase of the population in the world causes 
higher demand of food, consequently it has led to sustainability of 
food production through improvement of agriculture with ad-
vanced agricultural technology (Chowdhary et al„ 2008). Organo-
chlorine (OC) pesticides are highly persistent organic pollutants 
(POPs) that have been identified in diverse environmental matrices 
worldwide. The major environmental concern arising from pesti-
cide use is the capacity of pesticides to leach from soil and contam-
inate water resources. Due to continuous use of pesticides, high 
amount of pesticides and their degradation products may accumu-
late in the soil ecosystem. Microbes and plants are among the most 
important biological agents that remove and degrade waste mate-
rials to enable their recycling in the environment. Soil microflora, 
mainly bacteria, fungi, algae and protozoa make a valuable contri-
bution in making the soil fertile through their primary catabolic 
role in the degradation of plant and animal residues in the cycling 
of organic and inorganic nutrients in soil. Pesticides that disrupt 
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0045-5535/$ - see front matter © 2011 Elsevier Ltd. Ail rights reserved, 
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the activities of the soil microorganisms might affect the nutri-
tional quality of soils and would therefore have serious ecological 
consequences (Handa et al, 1999). Microorganisms play a signifi-
cant role in the metabolism of organochlorine pesticides. However, 
the persistence of a number of organochlorine insecticides in soil 
and water for very long periods has been reported (Martijin 
et al.. 1993; Nawab et al., 2003; Bhagobaty et al., 2007). The first 
bacterial strain found to degrade four isomers of HCH was a Pseu-
domonas sp. which was isolated from sugarcane fields in India 
(Sahu et al, 1990; Lai et al., 2007), Adverse effects of the pesticide 
chemicals on the soil microorganisms may affect the soil fertility. 
An ideal pesticide is one that is toxic only to targeted organisms 
and has least adverse effects on other flora and fauna as well as 
Is biodegradable hence posing no threat to ecosystem functioning. 
Hence more attention is being paid on efficacy of pesticides in 
terms of pest control, mobility and toxicity to non target organisms 
(Hafez and Theimann, 2003). 
Conjugative gene transfer mediated by plasmids with broad-
host-range is generally believed to be a common and widespread 
mechanism for the transfer of genes across a broad phylogenetic 
range of bacteria (Thomas, 2000). Within the proteobacteria, 
broad-host-range (BHR) plasmids have been defined as those 
,y!nor's personal com/ 
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plasmids that can be introduced and stably maintained in bacterial 
species from at least two subgroups (e.g. between a and p-proteo-
bacteria, Szpirer et al., 1999). The well known self transmissible 
BHR plasmids belong to the incompatibility groups IncP, IncN, 
IncW and Inc U (Mazodier and Davies, 1991; Gotz et al., 1996; 
Smalla et a!., 2000, 2006; Binh et al., 2008; De Gelder et al., 
2008). For instance, RP4 is an IncP plasmid, R388 is an IncW and 
the IncN plasmids are represented by pKMIOl, and RSF1010 is 
an IncQ plasmid. IncP, IncN, IncW and IncQ plasmids were com-
monly found in different soil samples and pig manure slurries 
(Gotz et al., 1996). Antibiotic resistance plasmids from piggery 
manure slurries revealed a high prevalence and diversity of IncQ 
like plasmids (Smalla et al., 2000), whereas, anthropogenic con-
taminated Indian and German soils revealed a prevalence of IncP 
plasmids (Malik et al., 2008). Smalla et al. (2006) reported that 
mercury resistance genes were found to occur on a wide range of 
plasmids belongin,g to various incompatibility groups. Plasmids 
from these Inc groups have been frequently detected in environ-
mental systems (Gotz et al., 1996; Smalla et al., 2000, 2006). 
Bacterial plasmids of the incompatibility group P (IncP) are dis-
tinguished by their extraordinary broad-host-range. IncP group 
plasmids are conjugative plasmids, also involved in the degrada-
tion of pesticides (Datta and Hedges, 1983; Shintani et al., 2007). 
Conjugative transfer of bacterial plasmids is the most efficient 
way of horizontal gene spread, and it is therefore considered one 
of the major reasons for the increase in the number of bacteria 
exhibiting multiple-antibiotic resistance (Grohmann et al., 2003; 
Smalla et al., 2006; Binh et al., 2008). Plasmids provide their host 
with a large array of phenotypes; such as antibiotic or heavy metal 
resistance (Silver, 1996; Aleem et al., 2003; Malik et al, 2008). 
Plasmids also enable their hosts to degrade recalcitrant com-
pounds and to use them as a carbon source (Nawab et al., 2003). 
The present study has been undertaken to investigate heavy 
metal and antibiotic resistance in pesticide tolerant Gram negative 
bacteria isolated from contaminated soils near a pesticide industry, 
Lucknow, UP (India) and to detect potentially conjugative plasmids 
by PCR and dot blot hybridization. We also focused on the detec-
tion of plasmid-specific sequences from prevalent Inc groups in 
pesticide tolerant and multiple metal and multiple-antibiotic resis-
tant (MMR and MAR) bacterial isolates and total DNA extracted 
from contaminated alluvial soils. 
2. Materials and methods 
2.1. Soil sampling 
Composite soil samples were collected at 15 cm depth from 
three different agricultural fields near a pesticide industry. Chin-
hat, Lucknow, UP (India) which had been irrigated with wastewa-
ter discarded from the factory located at around 200 m distance 
from the field. For each field, 1 kg of soil from four different sites 
at around 50 m distance from each other was collected and 4 kg 
composite sample.? were prepared. Composite samples were trans-
ported and stored at 4 °C. 
2.2. Physical characterization of the soil 
Physical characteristics of the soil like texture, pH, water con-
tent and organic carbon content were determined as described in 
Gupta (2004). 
2.3. Assessment of pesticides and heavy metals in contaminated soil 
Extraction of pesticides from soil was done according to the 
method as described by Gan et al. (1999) and Nawab et al. 
(2003). Analyses of extracts for the detection of pesticides were 
performed as described by Ansari and Malik (2009). Analyses of 
heavy metals in soil samples were carried out as described by Alef 
and Nannipieri (1995). Digested soil samples were analyzed for 
heavy metals by atomic absorption spectrophotometer (GBC 932 
Plus, Australia). 
2.4. Isolation of pesticide tolerant bacteria from the contaminated soil 
Isolation of pesticide tolerant bacteria from soil was done 
according to the method described by Nawab et al. (2003). Bacte-
rial colonies were characterized on basis of morphological, cultural 
and biochemical characteristics (Collins and Lyne, 1987). 
2.5. Determination of minimum inhibitory concentrations (MIC) of 
pesticides 
Tolerance of bacteria to pesticides (lindane, endosulfan, chlor-
pyriphos, monocrotophos, captan and folpet) was studied by the 
method described by Shafiani and Malik (2003). 
2.6. Determination of minimum inhibitory concentrations (MIC) of 
heavy metals 
MIC of metals for each pesticide tolerant bacterium was deter-
mined by the plate dilution method. Analytical grades Ni^ *, Cd^ *, 
Cu^ *, Cr^ *, Pb^ *, and Hg^ *of metal salts (NiClj, CdCb, CuS04-2H20, 
CrCbeHjO, PbCl2, and HgClj) were used to prepare 0.125 M stock 
solutions. Each stock solution was filter-sterilized and added to 
tris-buffered low-phosphate agar (TBLPA) medium (Mergeay 
et al., 1985) in varying concentrations ranging from 3.12 to 
3200 )ig mL~' per plate. Cultures were grown in Tris minimal broth 
and then 10 pi of each of the cultures approximately 3 x 10^ cells 
(fresh culture) were spot inoculated into metal salt-containing 
TBLPA plates. The lowest concentration of the metal inhibiring 
the growth of bacteria was considered as MIC. 
2.7. /Infibioric sensitivity test 
All the bacterial isolates were tested for sensitivity to antimi-
crobial agents by means of the disk diffusion method (Bauer 
et al., 1966). The following anribiotics (all from Hi-media, Mumbai, 
India) were used. Concentrations of the antibiotics are given in |xg/ 
disk. Abbreviations and concentrations of the respective antibiotics 
are given in parentheses: ampicillin (A 25 |ig), amoxicillin (Am 
30 |ig), cloxacillin (Cx 30 |jg), chloramphenicol (C 25 )ig), co-trim-
oxazole (Co 25 |ig), doxycycline (Do 30 |.ig), gentamicin (G 30 |ig), 
kanamycin (K 30 pg), nalidixic acid (Na 30 pg), neomycin (N 
30 pg), streptomycin (S 10 pg), tetracycline (T 30 ^g), methicillin 
(M 30 ).ig), nitrofurantoin (Nf 30 pg), rifampicin (R 30 |.ig), poly-
myxin B (Pb 30 pg), erythromycin (E 15 pg), ciprofloxacin (Cf 
30 pg), cefaclor (Cj 30 |.ig), and sulfadiazine (Sz 30 pg). 
2.8. I6S rDNA sequencing 
Each isolate was grown in Luria Broth and cell lysate was made 
for PCR. 16S rDNA fragment was amplified with the forward primer 
63f (5'-CAG GCC TAA CAC ATG CAA GTC-3') and reverse primer 
1387r(5'-GGG CGG WGTGTA CAA GGC-3'). Cycling parameters in-
cluded initial denaturing for 1 min at 98 °C; 35 cycles of 45 s at 
96 °C, 1 min at 55 °C and 3 min at 72 °C and final elongation for 
10 min at 72 °C. Amplified products were sequenced outside the 
laboratory (Macrogen Incorporation, Seoul, South Korea). The 16S 
rDNA sequences were compared with those available in the NCBI 
Database (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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2.9. Bacterial strains and plasmids 
Bacterial strains used in this study are described in Malik et al. 
(2008). PCR amplification was carried out witli the primers as de-
scribed in Gotz et al. (1996) and in Alexandrino (2006). 
2.10. Soil DNA extraction and bacterial cell lysate preparation 
Total community DNA was directly extracted from soil with the 
Fast DNA spin kit for soil applying mechanical disruption of the 
cells as described by the manufacturer (Qbiogene, Carisbad, CA). 
Cell lysis by this kit proved to be superior to other lysis procedures 
as tested in the author's laboratory on various environmental sam-
ples, e.g. with the QIAamp DNA Mini Kit (Qiagen, Hilden, Ger-
many). The isolated total DNA was applied to PCR analysis. 
Prior to PCR 100 |xl of overnight cultures of the bacterial isolates 
were centrifuged at 10,000 rpm for 2 min. Pellet was resuspended 
in 20 III lysis buffer (50 mM NaOH, 0.25% SDS) and incubated at 
94 °C for 20 min. 1:10 dilution was applied to the PCR. 
2.U. Plasmid-specific PCR on total DNA isolated from soil and 
bacterial isolates 
Oligonucleotide primers to amplify plasmid backbone regions 
related to replication (IncP fr/A2, IncN rep and pMV158 oriV) and 
transfer (IncP onT and IncW oriT) are published in Gotz et al. 
(1996), and the pMV158 oriT primers in Alexandrine (2006). PCRs 
were performed as described in Malik et al. (2008). For labelling 
with DIG, PCR products were purified with the Wizard SV Gel 
and PCR Clean-Up System (Promega, Mannheim, Germany). The 
DIG labelling of the purified PCR products was carried out with 
the PCR DIG probe synthesis kit (Roche, Mannheim, Germany). 
For product size confirmation and yield estimation ^0\l\ of the 
PCR products were loaded onto 1.5% agarose gels, submitted to 
electrophoresis for 3 h at 80 V and stained with ethidium bromide. 
2.12. Dot blot 
Dot blots of the amplified PCR products were carried out 
according to the DIG System User's Guide for Filter Hybridization 
(Roche, Mannheim, Germany). 20 |.il of PCR product was boiled 
for 10 min and then 1 ^ il of each PCR product was dotted on a Hy-
bond-N* membrane (Roche, Mannheim, Germany). For hybridiza-
tion a DIG-labelled DNA probe specific for rj/A2 (241 bp) and IncP 
oriT (llObp), IncW oriT (317 bp), IncN rep (164 bp), IncQ oriV 
(436 bp), IncQ oriT (191 bp), and pMV158 oriT (142 bp) was used, 
respectively. 
The chemiluminescent detection of the DIG-labelled DNA hy-
brids was performed with the DIG Luminescent Detection Kit 
(Roche, Mannheim, Germany) and CSPD (3-(4-methoxyspiro{1,2-
dioxetane-3,2'-(5'-chloro)tricyclo[3.3.3.1.^'^|decan}-4-yl) phenyl 
phosphate. The membrane was exposed to a high performance 
chemiluminescence film (Amersham Biosciences, Freiburg, Ger-
many) and the X-ray film was developed. 
samples were 0.74 + 0.01 g kg ' and 0.14 ±0.01 g kg ' respec-
tively. The 16S rDNA sequences of the bacterial isolates 
(WR7,WR17,WR19,WR21,WR22,WR24, WR33 and WR35) were 
compared with those available in the NCBI Database and WR7, 
WR17. WR19, WR21, WR22, WR24, WR33 and WR35 strains were 
found to be most similar to Pseudomonas aeruginosa (accession no. 
GQ922652), Pseudomonas aeruginosa (accession no. GU384325), 
Pseudomonas sp. GS8 (accession no. GU384329), Pseudomonas 
sp.M9J918 (accession no. GU384328), Citrobacter sp. Azor-5 (acces-
sion no. GU384326), Pseudomonas sp. CL-3 (accession no. 384327), 
y^ ci;iefofaacfer Iwoffii (accession no. GU384330) and Enterobacter 
radicinitans (accession no. GU384332) respectively. 
3.2. Detection of organochlorine pesticides and heavy metals in 
contaminated soil 
Gas chromatography analysis of the soil samples revealed the 
presence of a high level of organochlorine pesticides. The concen-
tration of lindane in the test sample was 547 ng g"\ while a-endo-
sulfan and p-endosulfan were detected at concentrations of 
422 ngg"' and 421 ngg"' respectively. Atomic absorption spec-
trophotometric analysis of the test samples revealed the presence 
of heavy metals Cr, Zn, Ni, Fe, Cu and Cd were present at 
36.2mgg^', 42.5 m g g ' , 43.2mgg ', 241 mgg"', 13.3mgg~' 
and 11.20 mgg"' of soil respectively. 
3.3. Detection of pesticide tolerance and heavy metal resistance in 
bacteria 
More than 100 bacterial colonies were picked randomly from 
minimal agar plates supplemented with different pesticides and fi-
nally 35 isolates were selected for further study. Minimum inhibi-
tory concentration (MIC) of each isolate was determined for 
pesticides and heavy metals. A maximum MIC of 3200 p-gmL"' 
was observed for the pesticides lindane, endosulfan, chlorpyrifos, 
monocrotophos and captan, whereas 1600 |.tgmL~' was observed 
for folpet. All pesticide tolerant bacteria were also tested for their 
resistance to heavy metals (Cd, Zn, Pb, Ni, Cu and Cr). Maximum 
MlCs for heavy metals were 100 |.ig mL^' for Hg, 800 ng mL"' for 
Cr, 400|igmL"' for Ni, Cu and Cd, and 3200|J.gmL~' was mea-
sured for Pb as shown in Table 1. 
Patterns of pesticide tolerance and metal resistance of the bac-
terial isolates are presented in Table 2. The majority of the bacterial 
isolates were tolerant/resistant to one or more pesticides/heavy 
metals. Out of 35 bacteria tested, 8.5% of the isolates were tolerant 
to two pesticides in three different combinations, while 12.3% of 
the isolates were resistant to two metals in two different combina-
tions. 25.7% of the isolates were tolerant to four pesticides in four 
different combinations, whereas 14.2% of the isolates were tolerant 
to five pesticides and heavy metals in four different combinations. 
3. Results 
3.1. Soil characteristics and bacterial identification 
The soil of the agricultural fields near the pesticide industry in 
Chinhat, Lucknow, UP (India) is of alluvial type. The soil texture 
analysis showed it to be a loamy soil having a pH 7.6 ± 0.15. Total 
organic carbon of soil was 0.96% (mean of three replicates). 
Water holding capacity (WHC) of the soil sample was 
0.73 ± 0.01 mL mg"'. Nitrogen and phosphorus content in the soil 
3.4. Antibiotic resistance in pesticide tolerant/metal resistant bacterial 
isolates 
Majority of the pesticide tolerant isolates were also resistant to 
one or more antibiotics. 37% were resistant to two different antibi-
otics in four different combinations, whereas 11.4% were resistant 
to three different antibiotics in three different combinations. 8.5% 
were resistant to six antibiotics in three different combinations 
and 5.7% were resistant to seven antibiotics in two different com-
binations (Table 3). 
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Table 1 
Minimum inhibitory concentration (MIC) of bacterial isolates from soil against pesticides and heavy metals. 
Strains 
WRI 
WR2 
WR3 
WR4 
WR5 
WR6 
WR7 
WR8 
WR9 
WRIO 
WR11 
WRI 2 
WRI 3 
WR14 
WR15 
WRI 6 
WRI 7 
WRI 8 
WRI 9 
WR20 
WR21 
WR22 
WR23 
WR24 
WR25 
WR26 
WR27 
WR28 
WR29 
WR30 
WR31 
WR32 
WR33 
WR34 
WR35 
Minimum inhibitory 
In 
400 
400 
400 
400 
400 
400 
1600 
800 
800 
800 
800 
800 
400 
800 
800 
800 
800 
800 
1600 
1600 
3200 
3200 
400 
1600 
800 
800 
800 
800 
800 
800 
400 
3200 
3200 
3200 
3200 
end 
800 
800 
800 
800 
800 
800 
3200 
800 
1500 
800 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
800 
3200 
1500 
1600 
1600 
1600 
1600 
1600 
1600 
1600 
1500 
1600 
concentration ((rg niL"') 
monc 
800 
800 
800 
800 
800 
800 
3200 
800 
800 
1600 
800 
800 
800 
800 
800 
1600 
1600 
800 
3200 
3200 
3200 
3200 
3200 
1600 
800 
800 
800 
800 
1600 
800 
800 
1600 
1600 
1600 
3200 
chr 
800 
800 
800 
800 
800 
800 
1600 
1500 
1600 
3200 
800 
800 
800 
800 
800 
1600 
1600 
800 
3200 
800 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1600 
3200 
3200 
3200 
3200 
cap 
800 
800 
800 
1600 
800 
800 
3200 
1500 
1600 
1600 
1500 
1600 
1600 
1500 
1600 
800 
800 
800 
1500 
3200 
1600 
1600 
1600 
800 
1600 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
flp 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
. 800 
1600 
1600 
1600 
800 
800 
800 
800 
800 
800 
1600 
1600 
1600 
1600 
1600 
1500 
1600 
1600 
1500 
1600 
1600 
1600 
1600 
. 1600 
1600 
1600 
Cr 
200 
200 
400 
400 
400 
800 
800 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
800 
800 
800 
800 
800 
400 
400 
400 
400 
400 
400 
400 
400 
800 
800 
800 
800 
Pb 
800 
800 
800 
1600 
1600 
800 
800 
800 
800 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
3200 
1600 
1600 
1600 
3200 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
1500 
1600 
1600 
Ni 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
200 
400 
400 
200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
Cd 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
400 
200 
400 
400 
400 
400 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 
Hg 
3 
3 
6 
6 
25 
6 
25 
3 
3 
3 
3 
3 
3 
3 
6 
6 
25 
3 
50 
50 
100 
12 
3 
3 
3 
3 
3 
50 
50 
100 
100 
100 
100 
100 
100 
Cu 
100 
200 
400 
200 
200 
200 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
In - lindane, end - endosulfan, monc - monocrotophos, chr - chlorpyriphos, cap - captan, flp - folpet, WR - Bacterial isolates. 
Table 2 
Pattern of pesticide tolerance and heavy metal resistance in bacterial isolates from soil. 
No. of 
pesticides/ 
metals 
No, of pesticide Pesticide tolerance pattern (no. of isolates) 
tolerant bacteria (%) 
No. of metal 
resistant isolates 
Metal resistance pattern (no. of isolates) 
1 
2 
3 
4 
5 
6 
5(17.1)^ 
3 (8.5)% 
5(142)% 
9 (25.7)% 
5(14.2)% 
7 (20.0)% 
ln(5) , c h r ( l ) 4(12,3)% 
chr monc (1), end cap (1), chr cap (1) 4 (12,3)% 
end chr monc (1), chr monc cap (1). chr cap flp (2), monc 6 (17,1)% 
cap flp(1) 
end monc cap flp (2), end chr monc flp (2). In end cap fib 8 (22,8)% 
(3), In end monc flp (2) 
end monc chr cap flp (1), In chr monc cap flp (1), In end 5 (14,2)% 
monc cap dp (1), hi end monc map chr (2) 
In end chr monc cap flp (7) 8 (22,8)% 
Pb(4) 
Cd Cu (2). Hg Cu (2) 
CdCuHg(5) , C d C u C r ( l ) 
C d C u C r P b ( 7 ) C u C r P b N i ( l ) 
Cu Cr Pb Cd Ni (1), Hg Cd Cr Pb Ni (1). Hg Cd 
CuCrPb(2) . H g C d C u P b N i ( l ) 
HgCdCuCrPbN i (8 ) 
In - lindane, end - endosulfan, monc - monocrotophos, chr - chlorpyriphos. cap - captan, flp - folpet. 
3,5. Defection of IncP plasmids in pesticide tolerant and multi-metal 
resistant bacterial isolates 
Out of 35 bacteria, the DNA derived from liigliiy pesticide toler-
ant/metal resistant and antibiotic resistant bacteria was PCR-
ampiified with Inc-specific primers for IncP, IncN, IncW, IncQ-type 
plasmids and for pMV158-type rolling circle plasmids and ana-
lyzed by dot blot hybridization. Two sets of primers for IncP-spe-
cific sequences {trfA2 and oriT,„cp) and IncQ specific sequences 
(oriThKQ and onV), one primer set for an IncN specific gene (rep) 
and an IncW-specific sequence {onT|„cw) were used for the ampli-
fication. Total community DNA from soil was also isolated, PCR-
amplified with the same primer pairs and analyzed by dot blot 
hybridization. The highly tolerant/resistant bacterial isolates and 
total soil DNA gave PCR products with the IncP-specific primer sys-
tem {trfA2 and oriT), while all the other plasmid-specific PCRs 
(IncN, IncW, IncQ and pMV158-type) were negative (Figs, la and 
1 b). The PCR products also hybridized with the RP4-derived probes 
for trfA2 and oriT, shown in the dot blots (Figs. 2a and 2b). Only 
IncP {trfA2 and oriT) group-specific PCR products were detected 
by dot blot hybridization in test samples. 
4. Discussion 
Organochlorine pesticides (OCs) are used extensively for the 
control of agricultural pests and vector-borne disease. So these 
pesticides have been a major environmental issue due to their bio-
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Table 3 
Antibiotic resistance pattern of pesticide tolerant bacterial isolates from contami-
nated soil. 
IrfAI 24\ bp 
Fig. la. Agaiose gel (1.5^) of IncP trfA2 PCR product from pesticide tolerant/ 
multiple metal and antibiotic resistant bacterial isolates. Lane 1, positive control 
(PCR product from £. coli SCSI (RP4), lane 2. negative control (no DNA), lanes 3-9, 
DNA from isolates WR7, WRIT, WR19, WR21, WR22. WR24 and WR33, lane 10, 
100 bp ladder (Chromous Biotech Pvt. Ltd., Bangalore, India). 
1 2 3 4 5 6 7 8 9 10 
oriT 
Fig. lb. Agarose gel (1.5%) of IncP onT PCR product from pesticide tolerant/multiple 
metal and antibiotic resistant bacterial isolates. Lane 1, negative control (no DNA), 
lane 2, positive control (PCR product from E. coli SCSI (RP4), lane 3. DNA from WR7, 
lane 4, 100 bp ladder (Chromous Biotech Pvt. Ltd.. Bangalore, India), lanes 5-10, 
DNA from isolates WR17, WR19, WR 21, WR22, WR24 and WR33. 
No. of 
antibiotics 
1 
2 
3 
4 
5 
6 
7 
8 
9 
11 
14 
15 
16 
Total isolates = 
No. of resistant 
isolates (%) 
3(8.5) 
13(37.1) 
4(11.4) 
2 (5.7) 
2 (5.7) 
3 (8.5) 
2 (5.7) 
1 (2.8) 
1 (2.8) 
I (2.8) 
1 (2.8) 
1 (2.8) 
1 (2.8) 
35. 
Resistance pattern (no. of resistant 
isolates) 
K ( l ) 
Pb(2) 
A D o ( l ) 
CR(1) 
A Am (4) 
MS (7) 
G N E ( l ) 
C T R ( l ) 
Co M T (2) 
A C N a T ( l ) 
A c A T E ( l ) 
A T S E C ( l ) 
T S E R C ( l ) 
A C f S T N a C ( l ) 
A E M T C R ( l ) 
A T E M C R ( l ) 
M Nf s e e Na A m ( l ) 
M S C o N a E C j A ( l ) 
MSCo Na ECj A A m ( l ) 
M S C o C x N a E C A A m ( ] ) 
M N f S D o T C x N a E C j A A m ( l ) 
Nf M C Co R Do C Cx Na S E Cj A Am 
( I ) 
Nf M C Co R Do C Cx Na S T E Cj A Am 
(1) 
Nf M C Co R Do C Cx Na S T E Cj Cf A 
A m ( I ) 
accumulation potential, persistence and toxicity. Pesticides espe-
cially DDT, HCH, aldrin and dieldrin have been banned or restricted 
in several countries including India (Prakash et al., 2004; Ansari 
and Malik, 2009). The present study has been conducted on pesti-
cide contaminated soil near the IPL (India Pesticide Limited) lo-
cated at Chlnhat Industrial Estate around 20 km from Lucknow 
City, in Uttar Pradesh province (India). The results of the pesticide 
analysis of the sampling site revealed that the concentrations of al-
most all the OCs were above the maximum permissible limits 
(USEPA). The concentrations of the pesticides in the test samples 
were higher than those reported by other workers (Prakash et al., 
2004; Geetha and Fulekar, 2008; Mmuallefe et al, 2008), namely 
lindane was found at a concentration of 547 ngg^\ a-endosulfan 
and p-endosulfan at 422 ngg~' and 421 ngg"'. The test samples 
were also contaminated with heavy metals and some of the de-
tected metals (Cr, Cd, Ni and Cu) are toxic to living beings. This 
might be due to the location of our study site which also houses 
many metal industries. Our data on the heavy metal concentra-
tions are comparable to that of other works (Lokeshwari and 
Chandrappa, 2006; Popescu and Stanca, 2008; Begum ct al., 
2009), Aleem et al. (2003) also reported that the agricultural soil 
irrigated with wastewater contains high levels of metals Fe, Ni, 
Cr, Cu and Cd were in the range of 862-1052, 36.4-48,5, 32,5-
42,3, 25.4-29.6, 0,58-1.2 Hgg"', respectively. 
In our study, all bacterial isolates were tested for tolerance to 
the pesticides lindane, endosulfan, monocrotophos, chlorpyriphos. 
1 2 3 4 5 6 7 8 9 10 
Fig. 2a. Dot blot of IncP trfA2 PCR product from pesticide/multiple metal and antibiotic resistant bacterial isolates: spot 1, positive control (PCR product from E coli SCSI 
(RP4), spot 2, negative control (no DNA), spots 3-10, DNA from isolates WR7, WR17, WR19, WR21, WR22, WR24, WR33 and soil DNA respectively. 
J 2 3 4 7 8 10 
t 
Fig. 2b. Dot blot of IncP oriT PCR product from multiple metal and antibiotic resistant bacterial isolates; spot 1, positive control (PCR product from E. coli SCSI (RP4). spot 2, 
negative control (no DNA), spots 3-10 DNA from isolates WR7, WR17, WR19, WR21, WR22. WR24, WR33 and soil DNA respectively. 
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folpet and captan. Isolates tolerated concentrations up to 
3200iigmL"' of these pesticides except folpet which was toler-
ated up to 1600 ng mL '. Our findings are similar to those reported 
by Ferrer et al. (1986) who reported that 100, 200, 300, 400 and 
500|.igmL ' of 2,3,6-TBA (2,3,6-trichlorobenzoic acid) caused 
28.0, 47.8, 54.5, 61.2 and 95.6% inhibition respectively after 24 h 
of incubation. Shafiani and Malik (2003) tested Pseudomonas and 
Rhizobium strains which tolerated concentrations up to 1600 [ig 
of carbofuranmL'', 800 ng of endosulfan mL~' and 1600 |ig of 
malathionmL"' while an AzoCobacter strain tolerated concentra-
tions of 1600(.iginL'"' of all the three pesticides. Ajaz et al. 
(2005) reported that under high stress conditions of chlorpyrifos, 
the generation time of the tolerant isolates increased, compared 
to a shorter generation time in medium without added chlorpyri-
fos. Bhagobaty and Malik (2008) tested the growth of four bacterial 
isolates (RA-3, RA~5 RA-10 and RA-20, tentatively identified as 
Pseudomonas spp.) in chlorpyrifos amended medium at 
concentrations ranging from 25 to 200|a.gmL^' and found that 
growth rate of the isolates decreased with increasing chlorpyrifos 
concentration. 
Our bacterial isolates were also highly resistant to metals, max-
imum MICs of 100, 400, 400, 800, 3200 and 400 ng mL"' for the 
heavy metals Hg, Ni, Cu, Cr, Pb, and Cd were observed as these bac-
teria were isolated from the pesticide contaminated soil. Malik and 
Aleem (2010) also reported a maximum MIC of 200 ).ig mL"' for 
mercury and 3200|igmL"' for other metals (Cd, Cu, Zn, Ni, Pb, 
and Cr) in Pseudomonas isolates from the Yamuna river water 
and wastewater irrigated soil. Nawab et al. (2003) reported that 
all the pesticide tolerant bacterial isolates from contaminated soil 
were resistant to one or more antibiotics. 
Microorganisms adapt to changing environmental conditions by 
horizontal gene transfer, which provides them with new traits 
(antibiotic-resistance, metal resistance, virulence, xenobiotic deg-
radation, etc.) so they can survive and colonize their new environ-
ment (Seveno et al., 2002; Smets and Barkay, 2005; De Soever 
et al., 2007; De Gelder et al., 2008). For soil, the transfer of conju-
gative plasmids is probably the best studied mechanism and is ar-
gued to be the most important means of gene transfer because 
these genetic elements contain independent replicons, encode a 
dedicated transfer mechanism, and can mobilize advantageous fac-
tors (Thomas, 2000; De Boever et al., 2007). Conjugative transfer is 
the most efficient way of horizontal gene spread, and it is therefore 
considered one of the major reasons for the increase of bacteria 
exhibiting multiple-metal/antibioric resistances. 
Detection of IncP fr/A2 and oriT sequences in a sewage field, in 
tannery effluent receiving soil and in soil irrigated with steel indus-
try wastewater by PCR and hybridization was a clear indication 
that IncP plasmids are prevalent in these habitats as reported by 
Malik et al. (2008), in 70% of the samples from Indian/German soils 
trfA2 and oriT sequences specific for IncP group plasmids were de-
tected while no other investigated plasmid group (IncQ, IncN, IncW 
and pMVl 58-type plasmids) was found. Gdtz et al. (1996) reported 
that 60% of the IncP plasmids from manure slurry gave a positive 
PCR result with IncP oriT primers and 53% with trfA2 primers. trfA2 
and IncP oriT detection as well as IncP plasmid isolation from pol-
luted environment has also been described by others (Gotz et a!., 
1996; Gstalder et al., 2003). In our study, Inc group-specific primer 
systems were used to detect conjugative plasmids in pesricide tol-
erant/metal resistant as well as antibiotic resistant bacteria by 
means of PCR. Highly pesticide tolerant/metal and antibiotic resis-
tant bacterial isolates from soil near a pesticide industry as well as 
total DNA isolated from this soil gave PCR amplicons with IncP 
{oriT and trfA2) primers. Smalla et al. (2006) reported that PCR 
based detection revealed that mercury pollution corresponded to 
an increased abundance of mercui-y resistance genes and of IncP-
If i replicon specific sequences in total community DNA of river 
sediments polluted with mercury. Binh et al. (2008) also applied 
replicon probing for the detection of BHR plasmids in piggery man-
ure which is a reservoir of BHR plasmids conferring multiple-anti-
biotic resistance. Their results revealed that 28 of the isolated 
plasmids belonged to the IncN, one to the IncW, 13 to the IncP fam-
ily and 19 to the pHHV216-like plasmids which could not be as-
signed to any of the known Inc groups. Bahl et al. (2009) studied 
the presence and diversity of IncP plasmids in a wastewater treat-
ment plant by PCR amplification of trfA and confirmed that the 
wastewater constitutes a reservoir of conjugative IncP plasmids. 
Isolarion of IncP plasmids from polluted environments has been 
described by various workers (Top et al., 1995; Smalla et al., 
2000, 2006). Consequently, the presence of conjugative/mobilis-
able IncP plasmids in polluted soils indicate that these habitats 
are likely to have a gene-mobilizing capacity with implications 
for horizontal disseminarion of heavy metal and antibiotic resis-
tance as well as virulence factors. 
5. Conclusion 
Our study on molecular characterization of conjugative plas-
mids in pesricide tolerant and multi-resistant bacterial isolates 
from contaminated alluvial soil near a pesticide industry revealed 
that the soil was highly contaminated with the pesticides lindane, 
a-endosulfan, and p-endosulfan as well as with several heavy met-
als (Cd, Zn, Fe, Ni, Cu and Cr). Maximum MICs of bacterial isolates 
for pesticides and heavy metals showed that bacteria surviving in 
these pesticide contaminated fields were highly tolerant or resis-
tant to the pesticides/heavy metals and simultaneously resistant 
to antibiotics. IncP-specific DNA sequences {trfA2 and oriT) were 
detected which revealed that IncP plasmids are prevalent in these 
Gram negative bacteria isolated from soil which was irrigated with 
wastewater discharged from pesticide industry. The presence of 
IncP plasmids in these bacterial isolates suggests that pesticide 
contamination has applied selective pressure for proliferation of 
these plasmids, as IncP plasmids are involved in catabolic path-
ways of pollutants (pesticides/metals). Present findings suggest 
the role of conjugative plasmids as contributors to maintenance 
and spread of adaptive traits (pesticide tolerance/metal and antibi-
otic resistance) in microbial communities. 
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